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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 
Civil Division 



LABORATOIRES SERONO SA, 
Centre Industriel 
Coinsins, Vaud 
Switzerland 1267, 

Plaintiff, 



HON. JOHN J. DOLL, 

Under Secretary of Commerce for 
Intellectual Property and Director of the 
United States Patent and Trademark Office 
Office of General Counsel 
United States Patent and Trademark Office, 
Madison Building East, Rm. 10B20 
600 Dulany Street 
Alexandria, V A 223 13, 

Defendant. 



Civil Action No. 



COMPLAINT 

Plaintiff Laboratoires Serono S A ("Serono"), for its complaint against the Honorable 
John J. Doll, states as follows: 

NATURE OF THE ACTION 

1 . This is an action by the assignee of United States Patent No. 7,4 1 9,999 
(hereinafter "the '999 patent") seeking judgment, pursuant to 35 U.S.C § 154(b)(4)(A), that the 
patent term adjustment for the '999 patent be changed from 24 days to 291 days. 

2. This action arises under 35 U.S.C. § 154 and the Administrative Procedure Act, 5 
U.S.C. §§ 701-706. 
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THE PARTIES 

3. Plaintiff Serono is a corporation organized under the laws of Switzerland, having 
a principal place of business at Centre Industriel, Coinsins, Vaud, Switzerland 1267. 

4. Defendant John J. Doll is the Acting Under Secretary of Commerce for 
Intellectual Property and Director of the United States Patent and Trademark Office (hereinafter 
"PTO"), acting in his official capacity. The Director is the head of the PTO and is responsible 
for superintending or performing all duties required by law with respect to the granting and 
issuing of patents, and is designated by statute as the official responsible for determining the 
period of patent term adjustments under 35 U.S.C. § 154. 

JURISDICTION AND VENUE 

5. This Court has jurisdiction to hear this action and is authorized to issue the relief 
sought pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1361, 35 U.S.C. § 154(b)(4)(A) and 5 U.S.C. 
§§701-706. 

6. Venue is proper in this district court by virtue of 35 U.S.C. § 154(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. § 154(b)(4)(A). 

BACKGROUND 

8. Gian Luca Araldi, Adulla P. Reddy, Zhong Zhao, Sean D. McKenna and Bagno 
Bao are inventors of the patent application number 10/517,626 (hereinafter "the '626 
application") which issued as the '999 patent, entitled "Gamma Lactams as Prostaglandin 
Agonists and Uses Thereof on September 2, 2008. The '999 patent is attached hereto as Exhibit 
A. 

9. Plaintiff Serono is the current assignee of the '999 patent, as evidenced by the 
records in the PTO, and is the real party in interest in the case. 
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10. Section 154 of 35 U.S.C. requires that the Director of the PTO grant a patent term 
adjustment in accordance with the provisions of section 1 54(b), which set forth a "Guarantee of 
prompt Patent and Trademark Office responses" and a "Guarantee of no more than 3-year 
application pendency." 

11. In calculating the patent term adjustment, the Director has to take into account 
PTO delays under 35 U.S.C. § 154(b)(1)(A) and (B), any overlapping periods in the PTO delays 
under 35 U.S.C. § 154(b)(2)(A), any disclaimer of patent term by the applicant under 35 U.S.C. 
§ 154(b)(2)(B), and any applicant delays under 35 U.S.C. § 1 54(b)(2)(C). 

12. On September 2, 2008, the '999 patent issued with a patent term adjustment of 24 
days listed on the face of the patent (See Ex. A at 1). 

13. On November 3, 2008, the patentees timely filed a Request for Reconsideration of 
Patent Term Adjustment under 37 C.F.R. § 1.705(d) (hereinafter "the Request for 
Reconsideration") for the 6 999 patent, requesting that it be granted a corrected patent term 
adjustment of 291 days (or, in the alternative, a minimum patent term adjustment of 60 days) 
based on the patentee's calculation of delay under 35 U.S.C. § 1 .54(b)(1)(A) and (B). 1 The 
Request for Reconsideration has not been granted and is still pending before the PTO. A copy of 
the Request for Reconsideration is attached herewith as Exhibit B. 

14. Under 35 U.S.C. § 1 54(b)(4)(A), u [a]n applicant dissatisfied with a determination 
made by the Director under paragraph (3) shall have remedy by a civil action against the Director 
tiled in the United States District Court for the District of Columbia within 180 days after the 
grant of the patent. Chapter 7 of title 5 shall apply to such action." 

1 The Request for Reconsideration erroneously referred to 292 days (see Ex. B at 2). The Statement Under 37 CFR 
§1 .705(d) setting forth the grounds for Request for Reconsideration correctly stated the requested patent term 
adjustment as 291 days . 
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15. This action against the Director is timely filed within the 1 80 day period after 
grant of the patent, under 35 U.S.C. § 1.54(b)(4)(A). 

CLAIM FOR RELIEF 

16. The allegations of paragraphs 1-15 are incorporated in this claim for relief as if 
fully set forth. 

17. The patent term adjustment for the '999 patent, as determined by the Director 
under 35 U.S.C. § 154(B) and listed on the face of the '999 patent, is 24 days (See Ex. A at 1). 

1 8. The Director's determination of the 24-day patent term adjustment is in error 
because the PTO did not properly calculate and allow an adjustment for the delay in issuance of 
the '999 patent beyond three years after the actual filing date of the application for the patent. 
As stated in the "Statement Under 37 CFR § 1.705(d)" accompanying the Request for 
Reconsideration, the correct patent term adjustment for the '999 patent is 291 days (or, in the 
alternative, a minimum patent term adjustment of 60 days) (See Ex. B at 5). 

19. The '626 application was filed under 35 U.S.C §371 as a "national stage" 
application of International PCT Application No. PCT/US03/18202, which was filed originally 
on June 9, 2003. The national stage commenced on December 10, 2004, when the applicants 
filed a copy of the International PCT application, together with the national fee, with the United 
States Designated/Elected Office for submissions under 35 U.S.C §371. Additional documents 
to fulfill the requirements of 35 U.S.C §371 were filed on July 28, 2005. The national stage 
application was ultimately allowed by the PTO, and the '999 patent was issued on September 2, 
2008. 
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20. The plaintiff is entitled to an adjustment of the term of the '999 patent under 35 
U.S.C. § 154(b)(1)(A) in the amount of 77 days, which is the number of days attributable to PTO 
examination delay during prosecution of the '626 application ("A Delay"). 

2 1 . The plaintiff is also entitled to an additional adjustment of the term of the '999 
patent under 35 U.S.C. § 154(b)(1)(B) in the amount of 267 days, which is the number of days 
the issuance of the '999 patent was delayed beyond three years after the date on which the 
national stage of the '626 application commenced ("B Delay"). (Alternatively, even if the 
national state is considered to have commenced when all documents to fulfill the requirements of 
35 U.S.C §371 were filed (i.e., July 28, 2005), the plaintiff is entitled to a minimum period of B 
delay in the amount of 36 days.) 

22. Section 35 U.S.C. § 1 54(b)(2)(A) states that "[t]o the extent that periods of delay 
attributable to grounds specified in paragraph [154(b)(1)] overlap, the period of any adjustment 
granted under this subsection shall not exceed the actual number of days the issuance of the 
patent was delayed." For the '999 patent, the period of A Delay ended on September 28, 2006, 
prior to the first day of the period of B Delay. Accordingly, Plaintiff submits that the A and B 
period of delay for the '999 patent are not overlapping. 

23. The total period of PTO delay was 344 days, which is the sum of the A Delay (77 
days) and the period of B Delay (267 days). (Alternatively, even if the minimum period of B 
Delay (36 days) is employed, the total period of PTO delay is 1 13 days.) 

24. The '999 patent is not subject to a disclaimer of term. Therefore, the period of 
patent term adjustment is not limited under 35 U.S.C. § 154(b)(2)(B). 

25. The total period of PTO delay is reduced under 35 U.S.C. § 154(b)(2)(C) by the 
period of applicant delay, which the Director calculated for the '999 patent as 53 days. 
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26. Accordingly, the correct patent term adjustment to which the plaintiff is entitled 
under 35 U.S.C § 1 54(b)(1) and (2) is 291 days, which is the period of PTO delay (77 days + 
267 days - 344 days), less the period attributable to applicant delay (344 days - 53 days = 291 
days). (Alternatively, even if the minimum period of B Delay (36 days) is employed, then 
plaintiff is entitled to a period of patent term adjustment of 60 days, which is the difference 
between the period of PTO delay (77 days + 36 days=l 13 days), and the period attributable to 
applicant delay (1 13 days -53 days = 60 days).) 

27. The Director erred in the determination of patent term adjustment for the '999 
patent by erroneously treating the entire period of B Delay as overlapping with the A Delay, and 
crediting only the A delay of 77 days, instead of correctly crediting the sum of both the A and B 
delays. Thus, the Director incorrectly calculated a patent term adjustment for the '999 patent as 
24 days (77 days - 53 days - 24 days). By this erroneous calculation, the Director has deprived 
the plaintiff of the full patent term adjustment to which it is entitled (calculated above as 291 
days). 

28. In its opinion in Wyeth v. Dudas, Civ. Action No. 1 :07-cv-01492-JR, this Court 
explained the proper construction and application of the provisions of 35 U.S.C. § 154(b) for 
determining patent term adjustment. See, Mem. Op. dated 20 September 2008, docket no. 27, 
reported as 88 U.S.P.Q.2d 1538. In accord with this Court's decision in Wyeth, the patent term 
adjustment for the '999 patent is properly determined to be 291 days, as set forth above. 

29. The Director's allowance of only 24 days of patent term adjustment for the '999 
patent is arbitrary, capricious, an abuse of discretion, and otherwise not in accordance with law 
and in excess of statutory jurisdiction, authority or limitation. 
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WHEREFORE, Plaintiff respectfully prays that this Court: 

A. Issue an Order changing the period of patent term adjustment for the '999 patent 
term from 24 days to 291 days, and requiring the Director to alter the term of the '999 patent to 
reflect the 29J. day patent term adjustment. 

B. Grant such other and further relief as the nature of the case may admit or require 
and as may be just and equitable. 

Respectfully Submitted, 



Peter S. Reichertz 
(D.C. Bar No. 229088) 
Christopher M. Loveland 
(D.C. Bar No. 473969) 

SHEPPARD MULLEN RICHTER & HAMPTON LLP 

1300 I Street, NW 

Suite 1100 East 

Washington, DC 20005 

Phone: (202)218-0000 

Facsimile: (202)218-0020 

Dated: March 2, 2009 Counsel for Laboratoires Serono SA 

Of Counsel 

William A. Scofield, Jr. 
LAHIVE & COCKFIELD LLP 
One Post Office Square 
Boston, MA 02 109 
Phone: (617)994-0755 
Facsimile: (617)742-4214 
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1 

GAMMA LACTAMS AS PROSTAGLANDIN 
AGONISTS AND USE THEREOF 

RELATED APPLICATIONS 

This application claims priority to PCT/US03/1 8202, filed 
on Jun. 9, 2003. which claims priority to US Provisional 
Application 60/45 1 ; 8(>4 filed on Mar. 3, 2003, and US Provi- 
sional Application 60/387,340 Hied on Jun. 10 ? 2002, which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention provides substituted 1,2-substituted 5-pyr- 
rolidinone compounds, methods of treatment and pharma- 
ceutical compositions that utilize or comprise one or more 
such compounds. Compounds of the invention are useful for 
a variety of therapies, including preterm labor, ovulation 
induction, cervical ripening, dysmenorrhea, asthma, hyper- 
tension, infertility or fertility disorder, undesired blood clot- 20 
ting, preeclampsia or eclampsia, an eosinophil disorder, 
sexual dysfunction, including erectile dysfunction, 
osteoporosis and other destructive bone disease or disorder, 
renal dysfunction (acute and chronic), immune deficiency 
disorder or disease, dry eye. skin disorders such as ichthyosis, 25 
elevated intra -ocular pressure such as associated with glau- 
coma, sleep disorders, ulcers, inflammatory disorders and 
other diseases and disorders associated with the prostaglan- 
din and receptors thereof. The invention further provides 
methods and pharmaceutical compositions comprising pros- 30 
taglandin EP4 receptoragonists for the treatment of infertility 
disorders. More specifically, the present invention relates to 
such methods and pharmaceutical compositions for inducing 
ovulation, particularly ovulation triggering. 

2. Background ^ 
Prostaglandins (PGs) which belong to the prostanoids fam- 
ily are known to have diverse biological activities such as 
contraction and relaxation of smooth muscle, inhibition and 
enhancement of neurotransmitter release, inhibition of 
lipolysis, inhibition of gastric secretion, inhibition of inflam- 
matory mediator release (Coleman et al. Prostanoids and 40 
their Receptors. In Comprehensive Medicinal Chemistry, vol. 
3, Ed J. C. Emmett, 643-714, Pergamon Press, Oxford, UK, 
1 990) that are mediated by different receptor subtypes (Cole- 
man et al. Pharmacological Reviews 1994 46 (2), 205-229). 
Four subtypes of the prostaglandin EP receptor have been 45 
identified: EP1, EP2. EP3, and EP4. See also U.S. Pat. Nos. 
5,605,814 and 5,759,789. 

Knock-out mice lacking each type and sub-type of the EP 
receptor showed different roles for these receptors (Ushikubi 
at al. 2000, Jpn. J. Pharmacol. 83, 279-285) in various 50 
mechanisms such as ovulation, blood pressure control, clo- 
sure of ductus arteriosus and bone resorption. Additional 
roles of EP receptors have been reported such as smooth 
muscle relaxation in cat trachea for EP2, vasodilatation for 
EP4 (Gardinier, Br. J. Pharmac. 1 986, 87, 45-56; Coleman et 
al. 1 994 Pharmacological Reviews 46 (2), 205-229) and anti- 
inflammatory activity for EP4 (Takayama et al. 2002, The 
Journal of Biological Chemistry, 277, 46, 44147-44154). 
Renal Prostaglandin E2 (PGE2) is crucial of normal renal 
function by dilating the glomerular microcirculation and vasa 
recta, supplying the renal medulla and modulating salt and 60 
water transport in the distal tubule. 

Prostaglandin E2 (PGE2) is a natural ligand for all sub- 
types of the EP receptor. Cousequendy. selective effects on 
one of the sub-types of the EP receptor is impossible to 
achieve with the endogenous prostaglandins. 65 

Certain prostanoid receptors and modulators of those 
receptors have been largely reported {Eicosanoids: From Bio- 
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technology to Therapeutic Applications (Plenum Press, New 
York); Journal of Lipid Mediators and Cell Signalling 14: 
83-87 (1996); 77te British Journal of Pharmacology, 112: 
735-740 (1994); WO 96/06X22; WO 97/00X63; WO 
5 97/00864; WO 96703380: EP 752421; U.S. Pat. Nos. 6.2 11, 
197.4.21 1,876; 3,873,566: and Bennett etal.y. Med. Chem., 
19(5): 715-717(1976). 

Certain prostaglandin ligands and analogs have been 
reported to provide biological activity associated with pros- 
taglandins (U.S. Pat. Nos. 6,288,120; 6,21 1,197; 4,090,019; 
4,033,989; 4,003,911). E-type prostaglandin reported to be 
mediated through interaction with the prostaglandin E recep- 
tors). Certain compounds also have been reported as EP4 
agonists (WO 02'24647, EP 1 1 10949A1 , WO03/009872 and 
WO 03/007941). 

It would be desirable to have new compounds and methods 
for treatment of diseases and disorders associated with the 
prostaglandin family of compounds. 

SUMMARY OF THE INVENTION 

We have now found substituted 1,2-substituted 5-pyrroli- 
dinone compounds that are useful for a variety of therapies, 
including alleviating, preventing and/or treating preterm 
labor, ovulation induction, cervical ripening, dysmenorrhea, 
asthma, hypertension, infertility or fertility disorder, undes- 
ired blood clotting, preeclampsia or eclampsia, an eosinophil 
disorder, sexual dysfunction, including erectile dysfunction, 
osteoporosis and other destructive bone disease or disorder, 
renal dysfunction (acute and chronic), immune deficiency 
disorder or disease, dry eye, skin disorders such as ichthyosis, 
elevated intra-octilar pressure such as associated with glau- 
coma, sleep disorders, ulcers, inflammatory disorders and 
other diseases and disorders associated with the prostaglan- 
din family of compounds and receptors thereof. 

The invention particularly provides methods of inducing 
ovulation, particularly ovulation triggering, in a mammal 
comprising administering an EP4 receptor agonist, an isomer 
thereof, a pro-drug of said agonist or isomer, or a pharmaceu- 
tically acceptable salt of said agonist, isomer or pro-drug. 

Compounds of the invention include those of the following 
Formula I: 



I 

O 




wherein A is hydrogen or hydroxy; 

B is selected from the group comprising or consisting of 
optionally substituted carbocyclic aryl. optionally substituted 
heteroali cyclic having from 3 to 8 ring atoms and at least one 
N, O or S ring atom and a heteroaromatic group having a 
single ring with 5 or 6 ring atoms and at least one N, O or S 
ring atom; 

U is (CH 2 ) p wherein p is selected from 0. 1 and 2; 

V and Q are each independently selected from the group 
comprising or consisting of hydrogen, optionally substituted 
alkyl preferably having 1 to about 12 carbon atoms, option- 
ally substituted alkenyt preferably having 2 to about 12 car- 
bon atoms, optionally substituted alkynyl preferably having 
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from 2 to about 1 2 carbon atoms, optionally substituted C, -C 6 
heteroalkyl, optionally substituted C 3 -C 6 cycloalkyl C,-C 6 
alkyl, optionaUy substituted C 3 -C 6 heterocycloalkyl C,-C« 
alkyl, optionally substituted aryl C r C 6 alkyl and — CR'R 2 — 
W, wherein R 1 and R 2 are independently selected from H and 
optionally substituted C r C 6 alkyl, preferably HjorR 1 and R 2 
can form an optionally substituted C 3 -C 6 cycloalkyl with the 
carbon they are attached to, preferably an optionally substi- 
tuted C 3 , C 4 or C s cycloalkyl; 

W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C r C 6 alkyl, optionally sub- 
stituted C 3 -C 6 cycloalkyl, optionally substituted C 3 -C 6 
cycloalkyl Ci -C 6 alkyl, optionally substituted aryl, optionally 
substituted heteroaryl and optionally substituted aryl C r C 6 
alkyl; with at least one ofV and Q being other than hydrogen; 
and pharmaceutically acceptable salts thereof. 

In Formula 3. preferably substituent B is a substituted car- 
bocyclic aryl, heteroalicyclic, or heteroaromatic group, e.g. 
such a ring group substituted by a carboxylatc (e.g. — COOR 
where R is hydrogen or C r C 6 alkyl), amide (e.g, — CONHR 
where R is H is C,-C 6 alkyl), and the like. 

Preferred compounds of Formula 1 include those com- 
pounds where substituent A is hydrogen and/or substituent B 
is an optionally substituted thiophene, optionally substituted 
furan or optionally substituted carbocyc lie aryl group particu- 
larly optionally substituted phenyl, such as compounds of the 
following Formula II: 



wherein in Formula III: U. Q and V are the same as defined 
in Formula 1; and R is the same as defined in Formula II; and 
pharmaceutically acceptable salts thereof. 

Also preferred are compounds of the above formulae 
wherein one of substituents Q and V is hydrogen and the other 
is a non-hydrogen group, such as compounds of the following 
Formula IV: 



10 



15 



OH 



IV 




wherein in Formula IV: 

U is the same as defined in Formula I; 
R and n are the same as defined in Formula II; and 
Q is selected from the group comprising or consisting of 
optionally substituted alkyl preferably having 1 to about 12 
carbon atoms, optionally substituted alkenyl preferably hav- 
ing 2 to about 1 2 carbon atoms, optionally substituted atkynyl 
preferably having from 2 to about 12 carbon atoms, C r C 6 
heteroalkyl, C 3 -C 6 cycloalkyl C,-C 6 alkyl, C 3 -C 6 heterocy- 
cloalkyl Cj-Cg alkyl, optionally substituted arylalkyl and 
30 — CR R 2 — W, wherein R J and R 2 are independently selected 
from H and optionally substituted Cj-C 6 alkyl, preferably H 
or methyl; or R 1 and R 2 can form an optionally substituted 
C 3 -C 6 cycloalkyl with the carbon they are attached to, pref- 
erably an optionally substituted C 3 , C 4 orC 5 cycloalkyl; 
35 W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C^-Q alkyl, optionally sub- 



40 



wherein in Formula H: U, V and Q are the same as defined 
in Formula I above; 

X is selected from oxygen, suitor, sulfinyl (SO), sulfonyl 
(S0 2 ) and carbon, preferably is methylene (— CH, — ); 

R is C(-~0)Z where Z is selected from the group compris- 
ing or consisting of hydrogen, hydroxy, alkoxy such as — O- 
alkyl preferably — O — C,-C 4 alkyl (i.e. to provide C^-C^ 
ester, including methyl, ethyl, propyl or butyl esters) and 
optionally substituted alkyl preferably C,-C 6 alkyl; or R is 45 
amino or alkylamine such as — NR l R 2 where R 1 and R 2 are 
independently hydrogen or optionally substituted alkyl pref- 
erably C,-C 6 alkyl having 1 to 6; 

n is an integer selected from 0, 1. 2, 3, 4 (where available 
phenyl ring positions are all hydrogen -substituted) and 5, and 
preferably n is selected from 0, 1 and 2; and pharmaceutically 
acceptable salts thereof 

Preferred compounds of Formulae I and 11 above include 
those having a para-substituted phenyl moiety as a compo- 
nent of the substituent of the pyrrol idi none ring nitrogen, such 
as compounds of following Formula III: 



stituted C 3 -C 0 cycloalkyl, optionally substituted C 3 -C 6 
cycloalkyl C,-Q alkyl, optionally substituted aryl, optionally 
substituted heteroaryl and optionally substituted arylalkyl; 
and pharmaceutically acceptable salts thereof. 

Also preferred are compounds of the above formulae 
where U is absent (p-0), to thereby provide an allylic alcohol, 
such as compounds of the following Formula V: 



50 



55 




^\ OH 



wherein Formula V: 
HI R and n are the same as defined in Formula II; and 

Q is selected from the group comprising or consisting of 
optionally substituted (straight or branched) alkyl preferably 
60 having 1 to about 12 carbon atoms, more preferably from 1 to 
9 carbon atoms (e.g. a pentyl, hexyl, heptyl or nonyl moiety), 
optionally substituted alkenyl preferably having 2 to about 1 2 
carbon atoms, optionally substituted alkynyl preferably hav- 
ing from 2 to about 12 carbon atoms, C r Q heteroalkyl. 
65 C 3 -C 6 cycloalkyl C , -C 6 alkyK CyC 6 hcterocycloalky I C, -C 6 
alkyl. optionally substituted arylalkyl, e.g. an optionally sub- 
stituted benzyl or a phenethyl and — CR'R 2 — W, wherein R 1 
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and R 2 arc independently selected from H and optionally 
substituted C, -C 6 alkyl, preferably H or methyl; or R l and R 2 
can form an optionally substituted C 3 -C 0 cycloalkyl with the 
carbon they are attached to, preferably an optionally substi- 
tuted C 3 or C 4 cycloalkyj; 

W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C r C 6 alkyl. optionally sub- 
stituted C,-C 6 cycloalkyl, optionally substituted C 3 -C 6 
cycloalkyl C,-C rt alkyl, optionally substituted aryl, optionally 
substituted heteroaryl and optionally substituted aryl C r C 6 
alkyl; and pharmaceutically acceptable salts thereof. 

A group of preferred compounds of the invention includes 
compounds of formula V wherein R is C(rr^O)OH and is a 
"para" substituent; n is 1 ; and pharmaceutically acceptable 
salts thereof. 

Another more preferred group of compounds of the inven- 
tion includes compounds of formula V wherein R is C(~0) 
OH and is a "para" substituent; 

n is I: 

Q is selected from the group comprising or consisting of 
optionally substituted C,-C 6 alkyl, optionally substituted 
C 2 -C 6 alkenyl and — CR'R 2 — W, wherein R 1 and R 2 are 
independently selected from H and optionally substituted 
C t -C 6 alkyl, preferably H or methyl; or R 1 and R 2 can form an 
optionally substituted C 3 -C 6 cycloalkyl with the carbon they 
are attached to, preferably an optionally substituted C 3 or C 4 
cycloalkyl; 

W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C,-C G alkyl, optionally sub- 
stituted C 3 -C 6 cycloalkyl, optionally substituted C 3 -C 6 
cycloalkyl. optionally substituted C 3 -C 6 cycloalkyl C r C 6 
alkyl, optionally substituted aryl and optionally substituted 
aryl C^C 6 alkyl; and pharmaceutically acceptable salts 
thereof. 

Another more preferred group of compounds of the inven- 
tion includes compounds of formula V. wherein R is C(=0) 
OH is in a "para" position whereby n is 1; 

Q is — CR ! R 2 — W, wherein R 1 and R 2 are independently 
selected from H and optionally substituted C,-C 6 alkyl, pref- 
erably H or methyl; or R l and R 2 can form an optionally 
substituted C 3 -C 6 cycloalkyl with the carbon they are 
attached to, preferably an optionally substituted C 3 or C 4 
cycloalkyl; 

W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C t -C 6 alkyl, optionally sub- 
stituted C 3 -C 6 cycloalkyl C l -C 6 alkyl and optionally substi- 
tuted aryl; and pharmaceutically acceptable salts thereof. 

According to one embodiment, the compounds of the 
invention exhibit binding activity in a standard prostaglandin 
EP2 receptor binding assay. Exemplary assay is set out in 
Example 81 , which follows. 

According to one embodiment., compounds of the present 
invention also can exhibit selective binding to the EP4 recep- 
tor. 

As discussed above, substituted 1 ,2 -substituted 5-pyrroli- 
dinone compounds of the invention are useful for treatment of 
diseases and disorders associated with the prostaglandin fam- 
ily of compounds. Therapeutic methods of the invention in 
general comprise administering an effective amouut of one or 
more 1 ,2-substituted 5-pyrrolidinone compounds as dis- 
closed herein to a mammal in need thereof. 

1,2-substi tuted 5-pyrrolidinone compounds of the inven- 
tion are particularly useful for treatment of a mammal suffer- 
ing from or susceptible to (prophylactic therapy) pre-term 
labor, dysmenorrhea, asthma and other conditions treated by 65 
bronchodilation, inflammation, hypertension, undesired 
blood-cloning and other undesired platelet activities, pre- 
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eclampsia and/or eclampsia, and eosinphil-related disorders. 
1,2-substituted 5-pyrrolidinone compounds of the invention 
also are useful to treat a mammal suffering from or suspected 
of suffering from infertility, particularly a female suffering 
5 from infertility. 1.2-substimted 5-pyrrolidinone compounds 
of the invention may be particularly beneficial for treatment 
of female mammals suffering from an ovulatory disorder. 
Additionally. 1,2-substituted 5-pyrrolidinonc compounds of 
the invention can be administered to females undergoing 
to reproductive treatments such as in-vitro fertilization or 
implant procedures, e.g. to stimulate follicular development 
and maturation. 1,2-substituted 5-pyrrolidinone compounds 
of the invention also are useful to treat sexual dysfunction. . 
including erectile dysfunction. 
15 Preferred 1,2-substituted 5-pyrrolidinone compounds of 
the invention also will be useful for treatment of undesired 
bone loss (e.g. osteoporosis, particularly in women) or oth- 
erwise promoting bone formation and treatment of other bone 
diseases such as Paget's disease, healing or replacement of 
20 bone grafts, and the like. 

Compounds of the invention also are useful for treatment 
of a subject suffering from or susceptible to renal dysfunc- 
tion, including a mammal suffering from or susceptible to 
acute or chronic renal failure. 
25 Compounds of the invention also are useful for treatment 
of a subject suffering from or susceptible to an immune dis- 
order including an immune deficiency disease or disorder, 
including such a disorder associated with a viral infection 
particularly a retroviral infection such as an HIV infection. 
30 Particularly benefited by such therapies will be a human 
suffering from or susceptible to AIDS (Thivicrge et al. Blood, 
1998, 92(1), 40-45). 

Compounds of the invention will be further useful to 
reduce elevated intra-ocular pressure of a subject, e.g. 
35 through relaxation of pre-contracted isolated ciliary muscle. 
In particular, a mammal such as a human suffering from or 
susceptible to glaucoma or other disorder associated with 
elevated intra-ocular pressure. Compounds of the invention 
also will be useful for treatment of a mammal, particularly a 
40 human, that is suffering from or susceptible to dry eye. 

Compounds of the invention also will be useful for pro- 
moting sleep in a subject, e.g. to treat a mammal particularly 
a human suffering from or susceptible to a sleep disorder such 
as may be associated with advanced age, such as a human of 
45 65 years or older. 

Compounds of the invention also will be useful to treat a 
mammal suffering from or susceptible to a sexual dysfunc- 
tion, particularly a human male suffering from erectile dys- 
function. 

50 Compounds of the invention also will be useful to treat a 
amman suddering from or susceptible to an inflammatory 
disease or disorder including vascular inflammation, inflam- 
matory pain and hyperalgesia. 

Compounds of the invention will be further useful to treat 
55 a mammal suffering from or susceptible to ulcers, particularly 
gastric ulcers. Such therapies may be conducted in conjunc- 
tion with a patient being treated with an ant i- inflammatory 
agent, which can promote gastric ulcers. 
Compounds of the invention also may be administered to a 
60 mammal particularly a human that is suffering from or sus- 
ceptible to a skin disorder, particularly dry skin (ichthyosis) 
or skin rash. 

In a further aspect, the invention provides a use of a 1 ,2- 
substituted 5-pyrrolidinone compound, including a particu- 
larly of any one of Formulae I through V for the treatment or 
prevention (including prophylactic treatment) of a disease or 
condition as disclosed herein, including pre-term labor, ovu- 
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lation induction, cervical ripening, dysmenorrhea, asthma, 
hypertension, infertility or fertility disorder, undesired blood 

clotting, pre-eclampsia or eclampsia, an eosinophil disorder, 0 VI 
sexual dysfunction including erectile dysfunction, osteporo- 

sis and other destructive bone disease or disorder, renal dys- " S 
function (acute and chronic), immune deficiency disorder or 
disease, dry eye, skin disorders such as ichthyosis, elevated 
intraocular pressure such as associated with glaucoma, sleep 

disorders, ulcers, inflammatory diseases or disorders and 10 
other diseases and disorders associated with the prostaglan- 
din and receptors thereof. 

In a yet further aspect, the invention provides a use of a , - . . ri r , , „ 
i c i- j- « . « , | wherein A is H or OH, preferably H; 
1,2 -substituted 5-pyrrohdmone compound, particularly a D • „ i c _ ,u • • • r 
, c , , , , ' , , J is B is selected from the group comprising or consisting of 
compound of any one of Formulae I through V ior the prepa- ' optionaj i y substituted C t -C 6 alkyl, preferably C 3 or C 4 alkyl. 
ration of a medicament for the treatment or prevention (in- optionally substituted aryl C r C 6 alkyl, optionally substituted 
eluding prophylactic treatment) of a disease or condition as aryl C, -C fl heteroalky I, preferably aryl C , -C 6 alkoxy, option- 
disclosed herein, including pre-term labor, ovulation indue- ally substituted heteroaryl C t -C 6 alkoxy, optionally substi- 
tion, cervical ripening, dysmenorrhea, asthma, hypertension, 20 ^ted aryl, optionally substihited heteroaryl, optionally sub- 
infertility or fertility disorder, undesired blood clotting, pre- stituted C r C 6 cycloalkyl and optionally substituted C 3 -C 6 
eclampsia or eclampsia, an eosinophil disorder, sexual dys- heterocycloalkyl, provided that when B is optionally substi- 
function, including erectile dysfunction, osteoporosis and ^ optionally substituted heteroaryl, optionally sub- 
other destructive bone disease or disorder, renal dysfunction f 71°^ ^^^^^ C ^ 
, . j u ■ \ • j c , ,. 75 heterocycloalkyl, the undefined bond linking B is a single 
(acute and chronic), immune deficiency disorder or disease, bond" 

dry eye, skin disorders such as ichthyosis, elevated intra- ^ dotled |jne indicates an optional ^ 
ocular pressure such as associated with glaucoma, sleep dis- R j s C(=0)Z wherein Z is selected from the group corn- 
orders, ulcers, inflammatory diseases or disorders and other prising or consisting of hydrogen, hydroxy, alkoxy such as 
diseases and disorders associated with the prostaglandin and yo — O-alkyI preferably — O — C r C 4 alkyl (i.e. to provide 
receptors thereof C r C 4 ester, including methyl, ethyl, propyl or butyl esters), 
Preferred methods of the invention including identifying °l*»>na!ly substituted alkyl, preferably C,-C 6 alkyl and 
and/or selecting a subject (e.g. mammal, particularly human) optiomjly substttutod ajfl; 

. . .-Ii . \c • * ^ ■ *• , . or Z is selected from the group comprising or consisting of 

Oat is susceptible to or suffering from a condition disclosed ^ aumio or aJkylamine SU ch as — NR l R wherein R 1 andR 2 are 

herein, and thereafter admimstenng to the identified and independently selected from hydrogen and optionally substi- 

selected subject one or more compounds of the invention, tuted alkyl, preferably C, -C 6 alkyl, — NHS0 2 R 3 and — NHC 

particularly a subject that is identified and selected as being (O)R 3 wherein R 3 is selected among optionally substituted 

susceptible to or suffering from infertility, particularly ano- C r C 6 alkyl and optionally substituted aryl; 

vulatory disorders, pre-term labor, asthma, hypertension, 40 or R is optionally substituted heteroaryl, preferably includ- 

sexual dysfunction, including erectile dysfunction, ing at least one N atom, including tetrazolyl; 

osteoporosis and other destructive bone disease or disorder, u is ( CH 2) P wherein p is an integer selected from 0, 1 and 

inflammation, renal dysfiinction (acute and chronic), immune 2 ' P re ^ eraD 'y 0 o f 1 5 

deficiencydisorderordisease.d>yeye,skindjsorder S s as J^^* WhC ™ R ^Sc^ 

ichthyosis, elevated intraocular pressure such as associated 45 ^ of R ™ d ^Tan^L^tiSL C 3 -Q 

with glaucoma, sleep disorders, ulcers, or other diseases and , , ^ ^ £ ^ £ 

disorders associated with prostaglandin. optionally substituted C 3( C 4 or C 5 cycloalkyl', 

The invention also provides pharmaceutical compositions w is selected from the group comprising or consisting of 
that comprise one or more 1 ,2-substituted 5-pyrrolidinone 50 hydrogen, optionally substituted C r C 6 alkyl, optionally sub- 
compounds together with a suitable carrier for the stituted C 3 -C fi cycloalkyl, optionally substituted C 3 -C 6 het- 
compound(s). erocycloalkyl, optionally substituted C 3 -C 6 cycloalkyl C r C 6 

In a further aspect, the invention provides methods and al tyl. optionally substituted C 3 -C 6 heterocycloalkyl C,-C 6 

pharmaceutical compositions comprising administering a alk y^ optionally substituted aryl, optionally substituted het- 

prostaglandin EP4 receptor agonist for the treatment of infer- 55 eroaryl, optionally substituted aryl C r C 6 alkyl and optionally 

tility, including ovulatory disorders. More specifically, die substituted heteroaryl C>C 6 alkyl; and pharmaceutical^ 

present invention relates to such methods and pharmaceutical acceptable salts thereof. 

compositions for inducing ovulation, including ovulation ^crred said EP4 agonists are selected in an EP4 binding 

triggering: more specifically, for triggering ovulation in a ^ An example of such an assay is defined in Example 83 

?■ . j . 4 . / 1 ■ 1 i 60 winch follows, 

patient under a treatment for ovulation induction or under ~ . c . . . , 

ART (Assisted Reproductive Technology) therapies. ° lher 3SpeclS ° f ** ,nvenl,on are dlSC,0sed ,nlra - 

In a yet further aspect, the invention provides methods and BRIEF DESCRIPTION OF THE DRAWINGS 
pharmaceutical compositions comprising administering a 

prostaglandin EP4 receptor agonist for the treatment of infer- 65 FIG. I reports the number of ova released after s,c. injec- 

tility disorders wherein the EP4 agonist is selected among tion of compound of Example 1 in mature 10-week CD-I 

compounds of following formula VI: mice, 48 hours after an injection of 5IU PMSG (i.p.). The 
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number of ova releastxl is shown for different doses of injec- 
tion of compound of Example 1 . 

FIG. 2 reports the number of ova released after oral admin- 
istration of compound of Example 1 in mature 10-week CD-I 
mice. 48 hours after an injection of 5IU PMSG (i.p.). The 
number of ova released is shown for different doses of oral 
administration of compound of Example 1 . 

FIG. 3 reports the number of ova released after oral admin- 
istration of compounds of the invention at the single dose of 
20 mg/kg. 

DETAILED DESCRIPTION OF THE INVENTION* 

We have now discovered that 1 ,2-substituted 5-pyrrolidi- 
none compounds of the above Formulae I, II, 111, IV and V are 
useful for treatment of a variety of disorders, particularly 
diseases and disorders associated with prostaglandins, such 
as by inhibiting prostanoid- induced smooth muscle contrac- 
tion. 

Suitable alkyl substituent groups of compounds of the 
invention (which includes compounds of Formulae I, II, III, 
IV and V as those formulae are defined above) typically have 
from 1 to about 12 carbon atoms, more preferably 1 to about 
8 carbon atoms, still more preferably 1 , 2, 3, 4, 5. or 6 carbon 
atoms. As used herein, the term alkyl unless otherwise modi- 
fied refers to both cyclic and noncyclic as well as branched 
and straight groups, although of course cyclic groups will 
comprise at least three carbon ring members. Preferred alk- 
enyl and alkynyl groups of compounds of the invention have 
one or more unsaturated linkages and typically from 2 to 
about 12 carbon atoms, more preferably 2 to about 8 carbon 
atoms, still more preferably 2, 3, 4, 5, or 6 carbon atoms. The 
terms alkenyl and alkynyl as used herein refer to both cyclic 
and noncyclic groups, although straight or branched noncyc- 
lic groups are generally more preferred. Preferred alkoxy 
groups of compounds of the invention include groups having 
one or more oxygen linkages and from 1 to about 8 carbon 
atoms, and still more preferably 1 , 2, 3, 4, 5 or 6 carbon atoms. 
Preferred a Ikylamino groups include those groups having one 
or more primary, secondary and/or tertiary amine groups, and 
from 1 to about 8 carbon atoms, still more preferably 1, 2, 3, 
4, 5, or 6 carbon atoms. 

Suitable heteroalicyclic groups of compounds of the inven- 
tion particularly as substituent B as Formula I, contain one or 
more N, O or S atoms and include, e.g., tetrahydrofuranyl, 
thienyl, piperidinyl, morpholino and pyrrolidinyl groups. 

Suitable heteroaromatic groups of compounds of the 
invention particularly as substituent B as Formula I are 
5-inembered or 6-membered single ring moieties having at 
least N, O or S rings atoms. Particular examples of heteroaro- 
matic groups include optionally substituted pyridyl, pyrrolyl, 
furyl (furanyl), thienyl, iniidazolyl, oxazolyl, isoxazolyl. 
thiazolyi, isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2,4-triaz- 
olyl, 1,2,3-oxadiazolyI, 1,2,4-oxadia-zolyl, 1,2,5-oxadiaz- 
olyl, 1,3,4-oxadiazolyI, I,3 : 4-triazinyl, 1,2,3-triazinyl. ben- 
zofuryl. 1 2,3 -d i hydro] ben td fury I. isohenzofuryl, 
benzothienyl, benzotriazolyl. isobenzo thienyl, indolyl, isoin- 
dolyl. 3H-indolyl, benzimidazxilyl, imidazofl ,2-a|pyridyl, 
benzothiazolyl, benzoxazolyl, quinolizinyl, quinazolinyl, 
pthalazinyl, quinoxalinyl, cinnoliuyl, napthyridiny), pyrido 
|3,4-b]pyridyl, pyrido[3,2-h|pyridyl, pyrido[4,3-blpyridyl, 
quinolyl, isoquinolyl, tetrazolyl, 5,6.7,8-tetrahydroquinolyl, 
5,6,7,8-tetrahydroisoquinolyl, purinyl, pteridinyl, carba- 
zolyl, xanthenyl or benzoquinolyl. Optionally substituted 
thienyl, optionally substituted furanyl, optionally substituted ■ 
pyrazinyl and optionally substituted pyridyl are particularly 
preferred heteroaromatic B substitucnts. 
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Suitable carbocyclic aryl groups of compounds of the 
invention include single and multiple ring compounds, 
including multiple ring compounds that contain separate and/ 
or fused aryl groups. Typical carbocyclic aryl groups of com- 
5 pounds of the invention contain 1 to 3 separate or fused rings 
and from 6 to about 18 carbon ring atoms. Specifically pre- 
ferred carbocyclic aryl groups include phenyl: naphthyl 
including phenyl, I -naphthyl and 2-naphthyl; biphenyl; 
phenanthryl; anthracyl; and acenaphthyl. Substituted car- 
lo bocyclic groups are particularly suitable including substi- 
tuted phenyl, such as 2-substituted phenyl, 3-substituted phe- 
nyl, 4-substiruted phenyl, 2,3-substituted phenyl. 2.4- 
substituted phenyl, and 2,5-substituted phenyl; and 
substituted naphthyl, including naphthyl substituted at the 5, 

15 6 and/or 7 positions. 

Suitable aralkyl groups of compounds of the invention 
include single and multiple ring compounds, including mul- 
tiple ring compounds that contain separate and'or fused car- 
bocyclic aryl groups. Typical aralkyl groups contain I to 3 

20 separate or fused rings and from 6 to about 18 carbon ring 
atoms. Preferred aralkyl groups include benzyl and naphth- 
ylmethyl ( — CH 2 -naphthyl), and other carbocyclic aralkyl 
groups, as discussed above. 

As discussed above, various substituents of the above for- 

25 mulae. such as R, R l , R 2 , B, V, Q, and Z may be optionally 
substituted. A "substituted" R, R 1 , R 2 B, V, Q, and Z group or 
other substituent may be substituted by other than hydrogen 
at one or more available positions, typically 1 to 3 or 4 
positions, by one or more suitable groups such as those dis- 

30 closed herein. Suitable groups that may be present on a "sub- 
stituted" R. R 1 , R 2 . B, V, Q, and Z group or other substituent 
include e.g. halogen such as fluoro, chloro, bromo and iodo; 
cyano; hydroxyl; nitro; azido; alkanoyl such as a C,. 6 
alkanoyl group such as acyl and the like; carboxaraido; alkyl 

35 groups including those groups having 1 to about 1 2 carbon 
atoms, or 1, 2, 3, 4, 5, or 6 carbon atoms; alkenyl and alkynyl 
groups including groups having one or more unsaturated 
linkages and from 2 to about 12 carbon, or 2, 3, 4, 5 or 6 
carbon atoms; alkoxy groups including those having one or 

40 more oxygen linkages and from 1 to about 12 carbon atoms, 
or 1, 2, 3, 4, 5 or 6 carbon atoms; aryloxy such as phenoxy; 
alkylamino groups such as groups having one or more N 
atoms and from 1 to about 12 carbon atoms, or 1, 2, 3, 4, 5 or 
6 carbon atoms; carbocyclic aryl having 6 or more carbons; 

45 aralkyl having 1 to 3 separate or fused rings and from 6 to 
about 18 carbon ring atoms, with benzyl being a preferred 
group; or aralkoxy having 1 to 3 separate or fused rings and 
from 6 to about 1 8 carbon ring atoms, such as O-benzyl. Also 
comprised by the term optionally substituted shall be situa- 

50 tions where at one position of a moiety R, R\ R 2 , B, V, Q, Z 
two alkyl substituents undergo ring closure to provide for a 
cycloalkyl, e.g. a cyclopropyl, moiety. 

A particularly preferred embodiment of the invention is the 
group of pyrrolidine derivatives according to formula V 

55 wherein R is — C(0)OFI being in a "para" position whereby 
n is 1 . 

Another particularly preferred embodiment of the inven- 
tion includes compounds of formula V, wherein R is — C(O) 
OH being in a "para" position whereby nisi; 

60 Q is selected from the group comprising or consisting of 
optionally substituted C,-C 6 alkyl, preferably butyl, pentyl, 
hexyl, methyl butyl, methyl propyl, di-methy! propyl, di- 
methyl pentyl or triiluoropropyl, optionally substituted C 2 -C 6 
alkenyl. preferably butenyl, optionally substituted C 2 -C 6 

G5 alkynyl and — CR'R 2 — W, wherein R 1 and R 2 arc indepen- 
dently selected from H and optionally substituted C,-C 6 
alkyl, preferably H or methyl; or R 1 and R 2 can form an 
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optionally substituted C 3 -C 6 cycloalkyl with the carbon they 
are attached to. preferably an optionally substituted C 3 or C 4 
cycloalkyl. preferably cyclopropyl or eyclobutyl; 

W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C r C 6 alkyl, preferably pro- 
pyl, butyl, pentyl, methyl -1 -ethyl, methyl propyl, ten -butyl or 
tri-fluoro ethyl, optionally substituted C 3 -C 6 cycloalkyl C -C 6 
alkyl. preferably, methyl cyclopropyl, ethyl cyclopropyl, 
optionally substituted C 3 -C 6 cycloalkyl, preferably cyclopro- 
pyl, cyclopentyl or cyclohexyl, optionally substituted aryl, 
preferably optionally substituted phenyl including phenyl, 
methyl phenyl, halogeno phenyl and chloro phenyl and 
optionally substituted aryl C r C 6 alkyl, preferably ethyJ phe- 
nyl; and pharmaceutically acceptable salts thereof. 

Another more preferred group of compounds of the inven- 
tion includes compounds of formula V wherein R is — C(O) 
OH being in a "para" position whereby n is 1 ; 

Q is — CR*R 2 — W, wherein R 1 and R 2 are independently 
selected from H and optionally substituted C r C 6 alkyl, pref- 
erably H or methyl; or R 1 and R 2 can form an optionally 
substituted C 3 -C 6 cycloalkyl with the carbon they are 
attached to, preferably an optionally substituted C 3 or C 4 
cycloalkyl, preferably cyclopropyl or eyclobutyl; 

W is selected from the group comprising or consisting of 
hydrogen, optionally substituted C r C 6 alkyl, preferably pro- 
pyl, butyl, pentyl, optionally substituted C 3 -C 6 cycloalkyl 
C,-C 6 alkyl, preferably methyl cyclopropyl or ethyl cyclo- 
propyl and optionally substituted aryl, preferably optionally 30 
substituted phenyl including phenyl and methyl phenyl; and 
pharmaceutically acceptable salts thereof. 

Specifically preferred pyrrolidinones of the invention 
include the following depicted compounds and pharmaceuti- 
caJly acceptable saJts of these compounds: 35 



CO : H 




CO2H 



4-[2-((2R)-2-{(lE ! 4R)-4-fl-(cyclopropylmethyl)c>'cIobu- 
tyl]-4-hydroxybut - 1 -eny 1 } -5 -oxopyrrol idin - 1 -yl )ethy 1] 
benzoic acid; 



25 




.CO2H 



4-(2-{(2R>2-[(lE,4R)-4-(l-emylcyclobutyl)-4-hydroxybut- 
1 -enyl]-5 -oxopyrrol idin- l-yI}elhyl)benzoic acid; 



CO2H 




45 




4-(2-{(2R)-2-[(IE,3S)-3-hydroxy-4 5 4-dimethyloct-l-enyl]- 
4-(2-{(2R)-2-[(l EAS)-4-hydroxyoct-l -enyl]-5-oxopyrroJi- 5 -oxopyrrol idin- 1 -yl } ethyl )benzoic acid; 

din- l-yl}ethy!)benzoic acid; so 




CO : H 



60 




4-(2-{(2R)-2-f(lE : 4R)-4-hydroxy-4-(l-propylcycloburyl) 
but-I-cnyIJ-5'OXopyrrolidin-l -yl}ethyl)bcnzoic acid; 



65 



4-(2-{(2R)-2-[(UE3R)-3-hydroxy-4-phenylbut-l-enyl]-5- 
oxopyrrolidin-I-yl}eihyl)bcn/oic acid; 
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CO,H 




10 



5-(2-{(2R)-2-[(J E : 3R)-3-hydroxyoct-l -enyl]-5-oxopyrroli- 
din- 1 -yl }ethyl)thiophene-2-carboxy lie acid; 



C0 2 H 




25 



5-(2-{(2R)-2-[(lE3R>3-hydroxyocM-eny!]-5-oxopyrroli- 
din-l-yl}ethyl)-2furoic acid; 



C0 2 H 




4<2-{(2S)-2-[(lE,4S)-»-hydroxy4-methyioct-l-eny]]-5- 
oxopyrrolidin-l-yl}ethyl)benzoic acid; 



C0 2 H 




4-(2-{(2S)-2-{(lE,4S)-4-hydroxy-4-ethylocM-enyl|-5-ox- 
opyrrolidin-I -yl} ethyl )benzoie acid; 

4-(2-{(2R)-2-f(l E3S)-3-hydroxyoct- 1 -en-7-ynyl] -5-oxopy- 
rrolidin-l -yl}ethyl)bcnzoic acid; 

4-(2-{(2R)-2-[(lE ; 3S)-3-hydroxyoct-l-cnyI]-5-oxopynx)li- 
di n- 1 -y 1 } elhyl )benzam ide; 

4-(2-{(2R)-2-[(lE ; 3R>3-hydn)xy-4-phenoxybut-l-enyl|-5- 
oxopyrrolidin-1 -yl}ethyl)benzoic acid; 

4-(2-{(2R)-2-[(l E ; 3R>4-(allyloxy)-3-hydroxybut-I -enyl]- 
5-oxo pyrrol idin -l-yl}cthyl)benzoic acid; 



4(2-{(2R)-2.|(lE,3R J 7S)-3 J 7-dihydroxyoct-l-enyl|-5-ox- 

opyrrolidin-1 -yl}etbyl)benzoic acid; 
4-(2-{(2R)-2-f(lE3S,7S)-3J-dihydroxyoct-i-enyl]-5ox- 

opyrrolidin-1 -yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-f(lE,3R.7R)-3,7-dihydroxyoct-l>enylJ-5-ox- 

opyrrolidin- 1 -y 1 } ethyl )benzoic acid; 
4-(2-{(2R)-2-((lE)-3-hydroxy-5-morphoIin-4-ylpent-l> 

enyl] -5-oxopyrrolidin-l -y 1} ethyl )ben2oic acid; 
4-(2-{(2R)-2-[(lE,3S)-3-hydroxyhepta-l i 6-dienyl]-5-ox- 

opyrrolidin-1 -yl}cthyI)benzoic acid; 
4-(2-{(2R)-2-[(lE,3S)4-cyclopaipyl-3-hydroxybut-l- 

enyl]-5-oxopyrrolidin-l-yl}ethyl)beuzoic acid: 
4-(2-{(2R)-2-|.( I E3R)-4-cyclopentyl-3-hydroxybut-l - 
enyi]-5-oxopyrrolidin-l-yl}ethyl)benzoic acid; 
15 4«(2-{(2R)-2-[(lE,3S)-4-c>'clopentyl-3-hydroxybut-l-enyl|- 
5-oxopyrrolidin-l -yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(lE 5 3R)-4-cyclopwpyl-3-hydroxybut-l- 

enyl]-5-oxopyrrolidin-l -yl}ethy I) benzoic acid 
4-(2-{(2R)-2-[(lE ; 3S)-3-hydroxy-6-methyIhept-l-enyl]-5- 
20 oxopymolidin-1 -yl } ethyl )b en zoic acid; 

4-(2-{(2R)-2-[(JEis)-3-hydroxy-5-rnethylhex-l>enyl]-5- 

oxopyrrolidin-l -yl }cthyl)benzoic acid; 
4.(2-{(2R)-2-[(lE,3S)-3-nydroxy-5 : 5-diinethylhex-l-enyl]- 

5-oxopyrrolidin-l-yl}ethyl)benzoic acid; 
4 -(2- { (2R)-2-[( 1 E,3S)-6-cyc lopropy 1-3-hydroxyhcx- 1 - 

enyl] -5-oxopyrrolidin-l -yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-l(lE,3R)-3-hydroxy-5-methoxypent-l-enyl|- 

5-oxopyrrolidin- 1 -yl }ethyl)benzoic acid; 
4-(2-{ (2R>2-[(1 E,3S)-3-hydroxy-5-methoxypent- 1 -eny 1]- 

5-oxopyrrolidin-l -yl}cthyl)bcnzoic acid; 
4-(2-{(5R)-2-oxo-5-[(lE3S)-6.6,6-trinuoro-3-hydroxyhex- 

1 -enyl]pyrrolidin-l-yI}ethyl)benzoic acid 
4-(2-{(2R)-2-[(lE,3S)-4-cyclohexyl-3-hydroxybut-l-enyl]- 

5-oxopyrrolidin-l -yl } ethyl) benzoic acid; 
4-(2-{(2R)-2-[(l E,3S)-3-hydroxypent- 1 -enyl] -5-oxopyrro- 
lidin-l -yl}ethyl)benzoic acid; 
4-(2- { (2 R)-2-[( 1 E,3S)-3-hydroxyhex- 1 -enyl ] - 5-oxopyrroli- 
din- 1 -yl } ethyl )benzoic acid; 
40 4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-6-methoxyhex-l-enylj-5- 
oxopyrrolidin-1 -yl } ethyl )b en zoic acid; 
4-(2-{(2R)-2-[(lE,3S,7R)-3,7-dihydroxyoct-l-enylj-5-ox- 

opyrrolidin- 1 -yl} ethyl )benzoic acid; 
4-(2-{(2R)-2-f(lE,3RH-(4-chJorophenyl)-3-hydroxy-4- 
methylpent-l-enyl]-5-oxopyrrolidin- 1 -yl}ethyl)benzoic 
acid; 

4-[2-((2R)-2-{(lE,3S)-3-[l-(cyclopn)pylmeihyl)c7clobu- 
tyl ]-3-hydroxyprop- 1 -enyl} -5-oxopyrrol idin- 1 -y l)ethyl J 
benzoic acid; 

4-[2-((2R)-2-{(lE,3RH-[l-(cyclopropylmethyl)c>'clobu- 
tyl]-3-hydroxyprop- 1 -enyl } -5-oxopyrrolidin-l -yl)ethyl] 
benzoic acid; 

4-(2-{(2S)-2-[(3S)-3-(l-burylcyclobutyl)-3-hydroxypro- 

pyl]-5-oxopyrrolidin-l -yl} ethyl )ben zoic acid; 
4-(2-{(2S)-2-[(3R)-3-(l-butylcyclobutyl)-3-hydroxypro- 

pyl]-5-oxopyrrolidin- 1 -yl} ethyl )benzoic acid; 
4-(2-{(2R)-2-[(l E ? 3R)-3-hydrox"y-3-(] -phenylcyclopentyl) 
prop- 1 -enylj-5-oxopyrrolidin- 1 -yl} ethyl )benzoic acid; 
60 4-(2-{(2R>2-f(JE,3S)-3-hydroxy-3-(l-phenylcyclopentyI) 
prop- 1 -enyl]-5-oxopyrrolidin-l -yl Jet hyl)benzoic acid; 
4-[2-((2R)-2-{(lE,3R)-3-[l-(4-chJorophenyi)cyclopropylJ- 
3-hydroxyprop- 1 -enyl | -5-oxopyrrol idin- 1 -yl)ethyl]ben- 
zoic acid; 

65 4-[2-((2R)-2-{(l E,3S)-3-f l-(4-chlorophcnyl)c>xlobutyl|-3- 
hydroxyprop- 1 -enyl} -5-oxopyrrolidin-l -yl)eihyl]benzoic 
acid; 



35 



45 



50 



55 
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4-[2-((2R)-2-{(lE : 3R>3-lN(4-chIomphenyl)cyclobutylj-3- 
hydroxyprop-1 -enyl} -5-oxopyrrolidin- 1 -yl)ethylj benzoic 
acid; 

4-[2.((2R)-2-{(lE3S)-3-[H4-chlorophenyJ)cyclopropyl]- 
3-hydroxyprop- 1 -enyl}-5-oxopyrroIidin- 1 -yl)ethy l]ben- 
zoic acid; 

4-[2-((2R>2-{(lE,3S)-3-hydroxy-3-[l-(4-methylphenyl)cy- 
clopentyl]prop~l-en>i}-5-oxopyrro]idin'l-yI)ethyl]ben« 
zoic acid; 

4-[2-((2R)-2-{(lE r 3R)-3-hydroxy-3-[l-(4-methylphenyI) 
cycIopentyl]prop-l-enyI } -5-oxopyrrolidin- 1 -yl )ethy 1J 
benzoic acid; 

4-(2-{(2R)-2-f(JE..3S)^-(4-chloropheny]>3-iiydroxy-4- 
methylpcnt- 1 -cnyl]-5-oxopyrrolidin-i -yi}cthyl)bcnzoic 
acid; 

4-[2-((2R)-2-{(JE ; 3S)-3-[l-(4-fluorophcnyI)cyclopentyl]- 
3-hydroxyprop- 1 -enyl} -5-oxopyrrolidin- 1 -yl)ethyl]ben- 
zoic acid; 

4-[2-((2R)-2-{(l E,3R)-3-ll -(4-fluorophenylX7clopentyIJ- 
3-hydroxyprop- 1 -eny 1} - 5-oxopyrrolidin- 1 -y l)ethyl) ben- 
zoic acid; 

4-[2-((2R)-2-{(lE,3R>3-[l-(2-fluorophenylXTdopentyI]- 
3-hydroxyprop-l -enyl} -5-oxopyrrolidin- 1 -yl)ethyl] ben- 
zoic acid; 

4-[2-((2R)-2-{(lE s 3S)-3-[l-(2-fluorophenyl)cyclopentyl]- 
3-hydroxyprop- 1 -enyl}-5-oxopyrrolidin- 1 -yl)ethyl] ben- 
zoic acid; 

4-[2-((2R)-2-{(l E ; 3S)-3-[ 1 -(4-cMorophenyl)cycIopentyl]- 
3-hydroxyprop- 1 -eny 1} -5-oxopyrrolidin- 1 -yl)ethy l]ben- 
zoic acid; 

4-[2-((2R)-2-{(lE,3R>3-[J-(4-chlorophcnyl)cyclopenty]]- 
3-hydroxyprop-l -enyl} -5-oxopyrrolidin- l-yl)ethyl]ben- 
zoic acid; 

4-C2-{(2R)-2-f(lE,3S)-3-hydroxy-4-(3-methylphenyl)but-l- 

enyI]-5-oxopyrrolidin- 1 -yl }ethyl)benzoic acid; 
4-(2-{(2R)-2-[(lE ; 3S)-3-hydroxy-5-phenylpent-l-enyl]-5- 

oxopyrroIidin-l-yl}ethyl)benzoic acid; 
4-(2-{(2R>2-[(lE 1 3S)-3-hydroxyhept-l-enyl]-5-oxopyrro- 

Iidin-l-yl}e1hyl)benzoic acid; 
4-(2-{(2R)-2-[(lE3S)-4-(3-cWorophenyl>3-hydroxybut-l- 

envl]-5-oxopyrrolidin-l -yl}ethyl)benzoic acid; 
4~(2-{(2R)-2-[(l E,3S)-3-hydroxy-4-phenylbut- 1 -enyl]-5- 

oxopyrrolidin-l -yl}ethyl)benzoic acid; 
4-(2-{(2S)-2-[(3R)-3-hydroxy-4-methyl-4-phenyIpentyl)-5- 

oxopyrrolidin-l-yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(lE ! 3S)-3-hydroxy-4-methyl-4-phenyIpent- 

1 -enyl]-5-oxopyrroIidin- 1 -yl }ethy l)benzoic acid; 
4-(2-{(2R)-2-[(lE J 3R>3-hydroxy-4-methyl-4-phenyipent- 

1 -enyl] -5-oxopyrrolidin- 1 -yl }ethy l)benzoic acid; 
4-(2-{(2S)-2-[(3S)-3-hydroxynonylJ-5-oxopyn-olidin-l- 

yl}ethyl)benzoic acid; 
4-[2-((2R)-2-{(] E,3S)-3-[ 1 -(3-fluorophcnyl)cyclopentyll- 

3-hydrox\'prop-l -enyll-S-oxopynvlidin- 1 -ylX*tbyl]ben- 

zoic acid; 

4-[2-((2R)-2-{(lE,3R)-3-tl-(3-rluorophenyl)cycIopenryll- 
3-hydroxyprop-l -enyl }-5-oxopyrrolidin- 1 -yl)ethyl] ben- 
zoic acid; 

4-(2-{(2R)-2-[(l E ; 3S)-3-hydroxynon-l -enyl j - 5-oxopyrroli- 
din- 1-yl [ethyl )benzoic acid; 

4-( 2-((2R)-2- {( 1 E : 3S)-3-hydroxy-3-[ 1 -(2-pheny Ieihyl)c>- 
clobuty 1 Jprop- 1 -eny 1 } -5-oxopyrrolidin- 1 -yl )ethy 1 ]ben- 
zoic acid; 

4-[2-((2R)-2-{(lE ? 3R>3-hydroxy-3-ll-(2-phenyleihyI)cy- 
clobutyl]prop- 1 -enyl} -5-oxopyrrolidin - 1 -yl)cihyl] ben- 
zoic acid; 

4-(2-{(2R)-2-[(lE J 3S)-3-hydroxy-3-(l-propylcyclobntyI) 
prop - 1 -enyl |- 5-oxopyrrolidin- 1 -yl }ethyI)benzoic acid: 
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4-(2-{(2R)- 2-|(l £,3R)-3-hyoroxy-3-(l -propylcyclobutyl) 

prop-l-enylj-5-oxopyrrolidjn-l -yl} ethyl jbenzoic acid; 
4-(2-{(2R)-i[(l E ? 3R)-3-(l -benzylcyclobutyl)-3-hydrox- 

yprop-l-enyl]-5-oxopymiIidin-l-yl}ewyl)benzoic acid, 
5 4-(2-{(2R)-2-[(lE)-3-hydrox>^3-methyloct-l-enyl]-5-ox- 

opyrrolidin- 1 -yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(l E)-4-hydroxyoct-l -enyI]-5-oxopyrrolidin- 

l-yl}ethyl)benzoic acid: 
4-(2-{(2R)-2-[(l E,3S)-3-( 1 -bnt>'Icyclobutyl)-3-hydrox- 
10 yprop-l-enyl]-5-oxopyrroIidin-l-yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(l E,3R)-3-(l -butylcyclobutyl)-3-hydrox- 

ypmp- 1 -enyl] -5-oxopyrrolidin- l-yI}ethyl)benzoic acid; 
4-(2-{(2R)-2-|(lE,3S)-3-hydroxy-4,4-dimethyloct-l-enyl|- 

5-oxopyrrolidin- 1 -yl }cthy l)benzoic acid; 
15 4-(2-{(2R)-2-f(lE,3R)-3-hydroxy-4 5 4-dimetiiyloct-l-enyl]- 

5-oxopyrrolidin- 1 -yl }ethy l)benzoic acid; 
4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-3-(l-phenylcyciopropyl) 

prop-1 -enylj-5-oxopyrrolidin-l -yl} ethyl )benzoic acid; 
4-(2-{(2R)-2-[(lE,3R) : 3-hydroxy-3-(l-pnenylcyclopropyl) 
20 prop-l-enylj-5-oxopyrrolidin-l-yl}ethyl)benzoic acid; 
4-(2-{(2R>-2-[(lE,3S)-3-hydroxy-7-methyloci-l-enyl]-5- 

oxopyrrolidin-1 -yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(lE,3S)-5-cyclopentyl-3-hydroxypent-l- 

enyl] -5-oxopyrrolidin- 1-yl} ethyl )benzoic acid; or a phar- 
25 maceutically acceptable salt of any of said compounds. 

As discussed above, preferred compounds of the invention 
exhibit activity in a prostaglandin EP2 receptor binding assay 
as described, for example in the protocol of Example 81, 
which follows. Generally preferred compounds of the inven- 
30 tion have a Ki (uM) of about 100 or less, more preferably 
about 50 or less, still more preferably a Ki (uM) of about 10 
or 20 or less, even more preferably a Ki (uM) of about 5 or less 
in such a prostaglandin assay as exemplified by Example 81 
which follows. 

35 1 ,2-substituted 5-pyrrolidinone compounds of the inven- 
tion can be readily prepared. Suitable synthetic procedures 
are exemplified in the following Scheme 1. It should be appre- 
ciated that the compounds shown in the following Scheme is 
exemplary only, and a variety of other compounds can be 

40 employed in a similar manner as described below. 

In another aspect of the invention, are provided methods 
and pharmaceutical compositions comprising administering 
a prostaglandin EP4 receptor agonist for the treatment of 
infertility, including ovulatory disorders. More specifically, 

45 the present invention relates to such methods and pharmaceu- 
tical compositions for inducing ovulation, partial larly ovu- 
lation triggering; more specifically, the present invention 
relates to such methods and pharmaceutical compositions for 
triggering ovulation in patients under ovulation induction or 

50 ART treatments. 

The term "EP4 receptor agonist" refers to a compound, 
including its isomers, pro-drugs and pharmaceutical^ 
acceptable salts, which bind to the prostaglandin EP4 sub- 
type receptor. A prostaglandin EP4 sub-type agonist can be 

55 identified by several conventional assays, including a pros- 
taglandin EP4 binding assay and a cyclic AMP assay on cells 
over-expressing EP4 receptor. Other appropriate conven- 
tional assays may be used by the skilled person in the art for 
selecting EP4 agonists. 

60 Preferred prostaglandin EP4 receptor agonists exhibit 
activity in a prostaglandin EP4 receptor binding assay, an 
example thereof is defined in the protocol as defined in 
Example 83, which follows. 

A particularly preferred group of EP4 receptor agonists of 

65 the invention have a Ki (nM) of about 20 or less, more pref- 
erably about 10 or less, still more preferably a Ki (nM) of 
about 5 or 2 or less, even more preferably a Ki (nM) of about 
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1 or less, lu rther i inue preferred, a Ki(nM) of a bout 0.1 or less 
in a prostaglandin EP4 receptor binding assay as exemplified 
by Example S3 which follows. 

Other preferred prostaglandin EP4 receptor agonists 
exhibit activity in a cAMP assay on cell lines over-expressing 
EP4 receptor an example thereof is defined in the protocol as 
defined in Example 84, which follows. 

Another particularly preferred group of EP4 receptor ago- 
nists of the iuvention have a EC so (nM) of about 30 or less, 
more preferably about 20 or less, still more preferably a EC 50 
(nM) of about 10 or 5 or less, even more preferably a EC 50 
(nM) of about 1 orO.l less in such a cAMP/EP4 receptor as 
exemplified by Example 84 which follows. 

In a further embodiment of the invention, the selective EP4 
receptor agonists used for triggering ovulation can be 
selected from EP4 agonists described in the art that have the 
preferred EP4 activities mentioned above in EP4 assays. For 
example, EP4 selective agonists can be selected from EP4 
agonists described in WO 03/035064, preferably 4-[2-(2-{3- 
hydroxy-4-[3-(trifluoromethyl)phenylJbutyl}-5-oxopyrazo- 
Hdin-1 -yl)ethyl]benzoic acid and 4-(2-{2-[4-(3-iodophenyl)- 
3-hydroxybutyl]-5-oxopyrazolidin-l -yi}ethyl)benzoic acid. 

In one embodiment of the invention, the said method for 
inducing ovulation is a method wherein said EP4 agonist is 
selected among compounds of Formula VI, wherein the sub- 
stituents A, B, D, R, U, Q ; W, R l , R 2 , R 3 , R 4 and R 5 are the 
same as defined in Formula VI above. 

In one preferred embodiment of the invention, the said 
method for triggering ovulation for ovulation induction or 
ART is a method wherein said EP4 agonist is selected among 
compounds of formula VI, wherein A is H; B is optionally 
substituted C r C 6 alkyl, preferably butyl; D is a double bond; 
R is C(—0)Z wherein Z is selected from hydrogen, hydroxy, 
alkoxy such as — O-alkyl preferably — O — Q-C* alkyl (i.e. 
to provide C,-C 4 ester, including methyl, ethyl, propyl or 
butyl esters) and optionally substituted alkyl, preferably 
Cj-Cg alkyl; or Z is selected from amino or alkylamine such 
as — NR'R 2 where R 1 and R 2 are independently hydrogen or 
optionally substituted alkyl, preferably C r C G alkyl, 
— NHSO-'R 3 and — NHC(0)R 3 wherein R 3 is selected among 
optionally substituted C l -C 6 alkyl and optionally substituted 
aryl; U is (Cbl 2 ) wherein p is 0; Q is — CR 4 R 5 — - W, wherein 
R 4 and R 5 are independently selected from H, halogen and 
optionally substituted C,-C 6 alkyl ; W is selected from option- 
ally substituted C 3 -Q cycloalkyl, optionally substituted 
C 3 -C 6 heterocycloalkyl, optionally substituted aryl and 
optionally substituted heteroaryl; and pharmaceutically 
acceptable salts thereof. 

In another preferred embodiment of the invention, the said 
method for triggering ovulation for ovulation induction or 
ART is a method wherein said EP4 agonist is selected among 
compounds of formula VI, wherein A is H; B is optionally 
substituted C l -C 6 alkyl, preferably C 3 orC 4 alkyl; D is single 
orcis double bond: R is C(=0)Z wherein Z is selected from 
hydrogen, hydroxy, alkoxy such as — O-alkyl, preferably 
— O — Ci-C 4 alkyl (i.e. to provide C,-C 4 ester, including 
methyl, ethyl, propyl or butyl esters); or R is optionally sub- 
stituted heteroaryl, preferably including at least one N atom, 
including tetrazolyl; U is (CH 2 ) p wherein p isO; Q is— CH 2 — 
W, wherein W is selected from optionally substituted C 3 -C 6 
cycloalkyl. optionally substituted C 3 -C e heterocycloalkyl. 
optionally substituted aryl and optionally substituted het- 
eroaryl; and pharmaceutically acceptable salts thereof. 

In another preferred embodiment of the invention, the said 
method triggering ovulation for ovulation induction or ART is 
a method wherein said EP4 agonist is selected among com- 
pounds of formula VI, wherein A is H; B is selected from 
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optionally substituted aryl C,-C 6 alkoxy. preferably aryloxy, 
most preferably phenyloxy, optionally substituted — CH-,- 
aryl and optionally substituted — CH 2 -heteroaryJ; D is a 
single bond; R is C(~0)Z wherein Z is selected hydrogen, 
5 hydroxy and alkoxy such as — O-alkyl. preferably — O — C t - 
C 4 alkyl (i.e. to provide C r C 4 ester, including methyl, ethyl, 
propyl or butyl esters); or R is optionally substituted het- 
eroaryl, preferably including at least one N atom, including 
tetrazolyl; U is (CH^ wherein p is 0; Q is — CH 2 -~W, 
io wherein W is selected from optionally substituted C 3 -C 5 
cycloalkyl, optionally substituted C 3 -C 6 heterocycloalkyl, 
optionally substituted aryl and optionally substituted het- 
eroaryl; and pharmaceutically acceptable salts thereof 
In another preferred embodiment of the invention, the said 
15 method for triggering ovulation for ovulation induction or 
ART is a method wherein said EP4 agonist is selected among 
compounds of formula VI, wherein A is H; B is optionally 
substituted aryl, preferably phenyl; D is a single bond; R is 
C(=0)Z wherein Z is hydroxy; U is (CH^ wherein p is 0; Q 
20 is — CR 4 R 5 — W, wherein R 4 and R 5 are independently 
selected from H and optionally substituted C^Cg alkyl, pref- 
erably H or methyl; or R 4 and R 5 can form an optionally 
substituted C 3 -C 6 cycloalkyl with the carbon they are 
attached to, preferably an optionally substituted C 3 or C 4 
25 cycloalkyl; W is selected from optionally substituted C r C 6 
alkyl, preferably methyl propyl, butyl, pentyl, optionally sub- 
stituted C 3 -C 6 cycloalkyl Q-Q alkyl, preferably methyl 
cyclopropyl, ethyl cyclopropyl, optionally substituted C 3 -C 6 
cycloalkyl, preferably cyclopropyl, cyclopentyl, optionally 
30 substituted aryl, preferably optionally substituted phenyl; and 
pharmaceutically acceptable salts thereof. 

Specifically preferred EP4 agonists of the invention for 
triggering ovulation for ovulation induction or ART, include 
the following depicted compounds and pharmaceutically 
35 acceptable salts of these compounds: 

4-(2-{(2R)-2-[(l E,3S)-3-hydroxy-4-phenylbut-l -enyl]-5- 

oxopy rrol id in- l-yl}ethvl) benzoic acid; 
4-(2-{(2R)-2-[(l E,3S)-4-(3-chlorophenyi)-3-hydroxybut-l - 
enyl]-5-oxopyrrolidin-l -yl}ethyl)benzoic acid; 
40 4-(2-{(2R)-2-[( 1 E,3R)-3-hydroxy-3-(l -phenyl cyclopropyl) 
prop-1 -enyl]-5-oxopyrrolidin-l -yl} ethyl) benzoic acid; 
4-(2-{(2R)-2-[(lE,3S)-6^yclopropyl-3-hydroxyhex-l- 

enyI]-5-oxopyrrolidin-l -yl}ethyl)benzoic acid: 
4-(2-{(2R)-2-[(l E,3S)-3-hydroxyhepta-L6-dienyl]-5-ox- 
45 opyrrolidin-l-yl}ethyl)benzoic acid; 

4-(2-{(2R)-2-((lE,3S)-3-(l-but>ic>-clobutyl>3-hydrox- 

y prop-1 -eny 11-5 -oxopyrrol id in- 1 -yl} ethyl )benzoic acid; 
4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-6-methylhept-l-enyl]-5- 
oxopyrrolidin-l-yl}ethyl)benzoic acid; 
SO 4-f2-((2R)-2-{(lE,3R)-3-f.l-(cyclopropylmelhyl)cyclobu- 
t>'l] 3-hydroxyprop- 1 -enyl } -5-oxopyrrolidin-l -yl)ethyl] 
benzoic acid; 

4-(2-{(2R)-2-|(lE3S)-3-hydroxyoct-l-enylJ-5-oxopyrroIi- 
din-l-yl}ethyl)benzoic acid; 
55 4-(2-{(2R>2-[(lE 5 3R)-3-(l-butylcycIobutyl>3-hydrox- 
yprop-l-enyl]-5-oxopyrrolidin-l -yJ}cthyl)benzoic acid; 
4-(2-{(2R)-2-KlE,3R)-3-hydroxy-4.'4-diraethyloct-l-enyl]- 

5-oxopyrrolidin-l-yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-((iE,3S)-3-hydroxynon-l^nylJ-5-oxopyrroli- 
60 din- 1 -yl}ethyl)benzoic acid; 

4-(2-{(2S>2-[(3R>3-hydroxy-4-(3-methylplienyl)butyl]-5- 

oxopyrrolidin 1 -yl}ethyl)benzoic acid; 
4-(2-{(2S>2-f(3R)-3-hydroxy-5-phcnylpentyl]-5-oxopyrro- 
lidin-l-yl}ethyl)benzoic acid; 

or a pharmaceutically acceptable salt of any of said com- 
pounds 
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The term "Ci -Chalky!" refers to monovalent branched or 
unbranched alkyl groups having 1 to 6 carbon atoms. This 
term is exemplified by groups such as methyl, ethyl, n -propyl, 
isopropyl, n-butyl, isobutyl, ten -butyl, n-hexyl and the like. 
By analogy, the term "C,-C 4 -alkyl" refers to monovalent 
branched or unbranched alkyl groups having 1 to 4 carbon 
atoms. This term is exemplified by groups such as methyl, 
ethyl . n-propyl, isopropyl, n-butyl, isobutyl, tert-butvi and the 
like. 

The term "C^Q-heteroalkyl", refers Ci-C 6 -alkyJ accord- 
ing to the definition above, in which at least one carbon atom 
is replaced by hetematoms chosen from the group consisting 
of O, S, NR, R being defined as hydrogen or methyl. Preferred 
C^-Gg-heteroalkyl include methoxy methyl, methoxyethyl, 
methoxy butyl, and the like. 

The term "C 2 -Q r alkenyr* refers to alkenyl groups prefer- 
ably having from 2 to 6 carbon atoms and having at least 1 or 
2 sites of alkenyl unsaturation. Preferable alkenyl groups 
include ethenyl ( — CH~CH 2 ), n-2-propenyl (allyl, 
— CH 2 CH==CH 2 ) and the like. 

The term **C 2 -C 6 -alkynyr refers to alkynyl groups prefer- 
ably having from 2 to 6 carbon atoms and having at least 1 -2 
sites of alkynyl unsaturation, preferred alkynyl groups 
include ethynyl, ( — O^CH), propargyl ( — CH 2 0=CH), and 
the like. 

The terms "C,-C 6 -hctcroalkcnyl"and "C 2 -C 6 -hetcroalky- 
nyl" refers respectively to C 2 -C 6 -alkenyl and C 2 -C 6 -alkynyl, 
in which at least one carbon atom is replaced by heteroatoms 
chosen from the group consisting of O r S, NR, R being 
defined as hydrogen or methyl. Examples of C 2 -C 6 -het- 
eroalkenyl include methoxy propenyl, methoxy butenyl, and 
the like. Examples of C 2 -C 6 -heteroalkynyl include methoxy 
propynyl, methoxy butynyl, and the like. 

The term "C 3 -C fi -cycloalkyr refers to saturated carbocy- 
clic rings having 3 to 6 carbon atoms. Examples include 
cyclopropyk cyclobutyl, cyclopentyl, cyclohexyl, cyclohex- 
enyl and the like. 

The term "C 3 -C 8 heterocycloalkyl" refers to a Cj-Q-cy- 
cloalkyl group according to the definition above, in which up 
to 3 carbon atoms are replaced by heteroatoms chosen from 
the group consisting of O, S, NR, R being defined as hydrogen 
or methyl. Preferred heterocycloalkyl include pyrrolidine, 
piperidine, piperazine, 1 -methylpiperazine, morpholine, and 
the like. 

The term "C 3 -C 6 Cycloalkyl C 1 -C 6 -alkyl" refers to C, -C ? - 
alkyl groups, as defined above, having saturated carbocyclic 
rings having 3 to 6 carbon atoms as substituent. Examples 
include ethyl cyclobutyl, cyclopropylmethyl cyclobutyl and 
the like. 

The term "Aryf* refers to aromatic carbocyclic groups of 
from 6 to 14 carbon atoms having a single ring (e.g. phenyl) 
or multiple condensed rings (e.g. naphthyl). Examples 
include phenyl, naphthyl, phenanthrenyl and the like. 

'Hie term "Aryl C r C 6 -alkyl" refers to C,-C 6 -alkyl groups 
having an aryl substituent, including benzyl, phenethyl and 
the like. 

The term "Enantiomeric excess" (ee) refers to the percent 
excess of the enantiomcr over the raccmate in a mixture of a 
pure enantiomer (R or S) and a raceinate (RS) as defined 
below. 

«=100%x()A-5i)/{^+.S>f% /?-% 51 

where R represents the number of moles of R enantiomer in 
the sample and S represents the number of moles of S enan- 
tiomer in the sample, and iR-Sl represents tlie Absolute Value 
of the difference of R and S. Compounds of the invention can 
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be obtained in an "Enantiomeric excess" by a synthesis com- 
prising an ena nonselective step or can be isolated by for 
example, crystallization or chiral HPLC. 

A particularly preferred embodiment includes compounds 
5 of the invention in an enantiomeric excess of the S enanti- 
omer, of at least at or about 50, 70, 80 or 90%, with degree of 
preference increasing with the increasing ee of the S enanti- 
omer. 

In the absence of an enantiomeric synthesis, racemic prod- 
10 ucts are usually obtained that do however also have the inven- 
tive set out activity as EP2 and/or EP4 agonists. 

The term "pro-drug" refers to compounds that are drug 
precursors which, following administration, release the drug 
in vivo via some chemical or physiological process. 
1 5 The term "EP4 agonist" refers to a compound, including its 
isomers, pro-drugs and pharmaceutically acceptable salts, 
which bind to prostaglandin E4 subtype receptor. Such prop- 
erty can be readily determined by those skilled in the art (for 
example, see Boie, Y. et al Eur. J. Pharmacol. \ 997, 340, 
20 227-24 1 or Abramovitz M. et al Biochim at Biophysica Acta 
2000, 1483, 285-293). A variety of such compounds are 
described and referenced herein. How ever, other prostaglan- 
din EP4 agonists will be known to those skilled in the art. 
Exemplary EP4 agonists are disclosed as follows. 

The term "selective binding to the EP4 receptor" refers to 
compounds that are selective is in comparison to the other 
prostaglandin receptors, particularly EPJ and/or EP3, option- 
ally EP2. Selectivity in this connection means that the affinity 
3Q of the compounds of the invention for the EP4 receptor is at 
least more than 5 times higher than the affinity for EP 1 recep- 
tor and/or EP3 receptor, optionally EP2 receptor, especially 
more than 10 times and in particular more than 100 or 1000 
times the affinity for other prostaglandin receptors like EP1 or 
35 EP3 and at least more than 5 times, especially more than 10 
times the affinity for the EP2 receptor. 

The term "fertility condition(s)" also refers to a condition, 
particularly infertility, of a female mammal, especially a 
female patient. This condition includes conditions where 
4y ovulation triggering is needed. Examples of female patients 
in such a condition are female undergoing a treatment for 
ovulation induction or an Assisted Reproductive Technology 
(ART) therapies. 
The term "ovulation induction" (Ol), refers to the stimula- 
45 tion of release of an oocyte (occasionally two or three 
oocytes) into the fallopian tubes of a female patient, for in 
vivo fertilisation. OI is used in anovulatory patients [for 
example, WHO group 1 patients (hypogonado trophic 
hypogonadism) and WHO group II anovulation (hypotha- 
50 lamic-pituitary dysfunction resulting in arrested orattenuated 
gonadal function), including patients suffering from polycys- 
tic ovarian syndrome (PCOS)]. It is usually desired to stimu- 
late the release of a single oocyte, in order to avoid the risks 
associated with multiple pregnancies. In a typical ovulation 
55 induction regimen, the patient is administered FSH, an ana- 
logue of FSH or a molecule stimulating endogenous FSH 
production to stimulate follicular growth for several days 
until at least one follicle is observed (by ultrasound) with a 
mean diameter of approximately 17 mm or greater. At this 
60 stage, an ovulation trigger (hCG) is given to stimulate mpnire 
of the follicle and release of an oocyte into the fallopian tube 
("ovulation triggering"). The molecules of the invention can 
replace or supplement the ovulation triggering dose of hCG in 
an OI regimen. 

65 The term "Assisted Reproduction Technology" includes 
for example, in vitro fertilisation (IVF), and intracytoplasmic 
sperm injection (1CS1). Oocytes are harvested from mature 
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follicles immediately before rupture, and graded before being 
fertilised in vitro by combination with sperm. 

The resulting embryos are graded for quality, and usually 2 
to 3 are selected for placement in the uterus (remaining 
embryos can be cryopreserved for future attempts). Because 
of the many factors involved in establishing an ongoing preg- 
nancy, many patients must have oocytes placed in the uterus 
multiple times before success is achieved. Because of this, in 
contrast to OI regimens, for ART it is desired to harvest 
multiple oocytes, in order to maximise the chances of suc- 
cessful pregnancy. The controlled development of multiple 
preovulatory follicles by administration of exogenous agents 
capable of inducing follicular growth (such as FSH) is called 
controlled ovarian hyperstimulation (COH). When there are 
at least 3 follicles with a mean diameter greater than 16 mm, 
ovulation is triggered (hCG bolus). Oocytes are usually 
recovered from pre-ovulatory follicles, by aspiration. The 
molecules of the invention can replace or supplement the 
ovulation triggering dose of hCG in an ART regimen. 

The invention will be described below by means of the 
following Examples, which should not be construed as in any 
way limiting the present invention. The Examples wil 1 refer to 
the Figures specified here below. 

Abbreviations 

The following abbreviations are hereinafter used in the 
accompanying examples: niin (minute), hr (hour), i.p. (intra- 
periotoneal), i.v. (intra- venous), mg (milligram), mmol (mil- 
liraole), mM (millimolar). mM (nanomolar), eq (equiva- 
lents), mL (milliliter), ul (microliters), ACN(acetonitrile), BP 
(mean arterial pressure), BSA (Bovine Serum Albumin), 
cAMP (Cyclic adenosine monophosphate), DCM (dichlo- 
romethane), DMSO (dimethyl sulfoxide), EtOAc (ethyl 
acetate), FBS (Foetal Bovine Serum), GP (Guinea Pig), hCG 
(human Chorionic Gonadotropin), HR (heart rate), IT (in- 
tratracheal), LPS (lipopoly saccharides), MES (2-[N-mor- 
pholinojethanesulfonic acid), MgS0 4 (magnesium sulfate), 
NP3S(N-methyl-pyrrolidinone), PBS (Phosphate buffered 40 
saline), PEG (Polyethylene Glycol), PGE1 (Prostaglandin 
EJ ), PGE2 (Prostagalndin E2), PMSG (pregnant mare serum 
gonadotrophin), p.o. (peros, oral administration), PVT (poly- 
vinyltoluene), PSS (physiologic salt solution), RT (room tem- 
perature), SPA (Scintillation proximity Assay), TFA (trifluo- 
roacetic acid), THF (tetrahydrofuran), TNF (Tumour 
Necrosis factor). 

Synthesis of Compounds of the Invention 

Compounds of the invention can be readily prepared from 
readily available starting materials using the following gen- 
eral methods and procedures. 

Suitable synthetic procedures are exemplified in the fol- 
lowing illustrative Scheme I . It should be appreciated that the 
compounds shown in the following Scheme are exemplary 
only, and a variety of other compounds can be employed in a 
similar manner as described below. 

For instance, compounds having non-hydrogen substitu- 
ents at 4 and 5 ring positions can be provided using a starting 
reagent having such substitution. It will also be appreciated 
that where typical or preferred experimental conditions (i.e. 
reaction temperatures, time, moles of reagents, solvents etc.) 
are given, other experimental conditions can also be used 
unless otherwise slated. Optimum reaction conditions may 
vary with the particular rcactants or solvents used. Such con- 
ditions can be determined by the person skilled in the art, 
using routine optimisation procedures. 



GeneraJ prorocol: 



CO;R* 



1)R0 2 C 




2) xylcuc, reflux 



tBu) TFA 




CX> 2 R 



(iv) 



1 5 -hydroxy derivatives 
1 ) Swem ox. 




C0 2 R 



NaBH4,CeCH 
EtOH.H20 



CO : R 



NaOH 



HiO/McOH/THF 
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CO,H 



16-hydroxy derivatives 
1) Swem ox. 



(iv) 



2) 



Ph,P^U 



OH 

A. 




C0 2 R 



NaOH 



iUO/MeOH/THF 



nate intermediate see./. Org. Chem. 1998, 63, 8894) to atTord 
the alkene (v). The ketone group then can be reduced e.g. 
using NaBH 4 and CeCl 3 to afford the desired alcohol (vi). as 
a mixture of dia stereoisomers. Reduction can proceed in high 
5 yields. Chiral reduction of the enone intermediate can be 
accomplished in good yield and good diastereoselectivity by 
using (R)-2-methyl-CBS-oxazaborolidine reagent and BH 3 
complexed with THF (J. Am. Chem. Soc. 1987, 109 ; 7925- 
10 7926) or other hydride reducing agent like N,N-diethyIaniline 
borane (Org.Proc. Res. Dev. 2002, 6, 146-148) using THF or 
other suitable solvents. Saponification of the ester group e.g. 
using NaOH in MeOH/water/THF can provide desired prod- 
uct (vii). 

1 Y-Lactam derivatives having the hydroxyl group in position 
16 (ix) can be suitably obtained by oxidation of the alcohol 
(iv) followed by Wittig reaction using the desired (3-hydroxy- 
alkyl)(triphenyl)phosphonium salt (for synthesis of the phos- 

20 phorane intermediate see Tetrahedron 1998, 54, 4243 or 
Chem. Lett. 1 991 , 1 1 3). Saponification of the ester group e .g. 
using NaOH in MeOH/water/THF can provide the desired 
product (ix). 

Synthesis of 4-hydroxy-pyrrolidin-2-one derivatives 
25 (A~OH) could be accomplished by following the procedure 
described below in Scheme 2. 



(vih) 



30 




C0 2 R 



35 



40 



Ph 



Referring to Scheme 1 above, synthesis of the 15-hydroxy 
and 1 6-hydroxy y- lactam derivatives can be suitably obtained 45 
as outlined above using common intermediate (iv). That inter- 
mediate (iv) can be synthesized starting from the commer- 
cially available Glu derivative (i). The amino groups can be 
suitably alkylated e.g. by reductive alkylation reaction using 
the appropriate aldehyde (e.g. a carboxyphenylacetaldehyde, 50 
like 4-carbomethoxyphenylacetaldehyde) and NaCNBH 3 or 
other suitable reducing agent. The crude residue is then suit- 
ably refluxed in a suitable solvent such as xylene to afford the 
desired ^-lactam derivative (ii). Selective deprotection of the 
ester group directly attached to the y- lactam ring can be 55 
obtained by acid treatment (when H-D-Glu(OT3u)-CKBu is 
used) or catalytic hydrogenation (when H-D-Glu(OBn)-OBn 
is used). Reduction of the acid (iii) to the corresponding 
alcohol (iv) can be accomplished by reduction e.g. with 
NaBH 4 of the correspondent acyl ten -butyl carbonate inter- 60 
mediate. 

Synthesis of the 15-hydroxy derivatives of general formula 
(vii) can be suitably accomplished as follows. Alcohol inter- 
mediate (iv) is suitably oxidized e.g. via Swern reaction to 
provide the desired aldehyde. That aldehyde then can react 65 
with a suitable Wittig reagent particularly an appropriate 
diethyl 2-oxoalkylphosphonate (for synthesis of thephospho- 



I.tBu02H, K2C03 
/ 2. Smi2, THF, McOH ' 



oh 



TFA 



HA THF 



Ph 
(xi) 
OH 



TBDMSiCl, DMAP 
Et 3 N, DMF 



OH 



(xii) 

xi 



O — TBDMS 



DHP.pTsOH 
DCM 



4- 



(xiii) 



O-THP 



^O- TBDMS 



thp-o 




Br 



(xiv) 



O-TBDMS 
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-continued 



-continued 



THP — O 




B 

Cu!, Pd(0) * 



O — TBDMS 



TUP — O 




T3AF 



O — TBDMS 



(xv i) 



TUP — C? 




NaBH* CcCi 3 
C0 2 R EtOH.H,0 



(R) — CBS. BH 3 
THF 



THP — O 



THP — O 



.CO.R 



30 



Diastereospecific epoxidation of the rigid bi cyclic a.p- 
unsaturated lactam (x) (Tetrahedrom Letters 1991 , 32, 1 379- 
1380) in DMF with tert-butylhydroperoxide in the presence 
of K 2 C0 3 provide the epoxide intermediate. The 7-hydroxy- 
3-phenyltetrahydro-5H-pyrroIo[ 1 ,2-c][ 1 ,3]oxazol-5-one (xi) 
was obtained by regiospecific opening of the epoxide ring 
with Sml 2 at lower temperature (Tetrahedron letters 2000, 4 1 , 
8285-8288). This alcohol derivative is deprotected to the diol 
(xii) under suitable acidic conditions (e.g. TFA in THF). 
Suitable protection of the primary alcohol is obtained by 
using TBDMSiCl, DMAP or other suitable catalyst, Et 3 N, in 
DMF or other suitable solvents. Protection of the secondary 
alcohol can be obtained by reaction of the pyrrolidinone 
derivative (xiii) with DHP, p-TsOH or other suitable acid 
catalysts. The pyrrolidinone derivative (xiv) could then be 
alkylated using propargyl bromide in the presence of a suit- 
able base like K. 2 C0 3 and using as solvent acetone or other 
suitable solvents. Catalytic addition suitable halo-aryl esters 
can be accomplished using Cul and Pd (0) (Org. Lett. 2000. 2, 
1 729). Selective depro lection of the primary alcohol to afford 
intermediate (xvii) can be accomplished by using tetrabutyl 
ammonium fluoride or other suitable acid or nucleophilic 
reagents. 

Synthesis of the 1 5-hydroxy derivatives of general formula 
(xx) can be suitably accomplished as described in Scheme 3 
below. 




can 



35 Alcohol intermediate (xvii) is suitably oxidized e.g. via 
Swern reaction to provide the desired aldehyde. That alde- 
hyde then can react with a suitable Wittig reagent particularly 
an appropriate diethyl 2-oxoalkylphosphonate (for synthesis 
of the phosphonate intermediate see J. Org. Chem. 1998, 63, 

40 8894) to afford the alkene (xviii). The ketone group then can 
be reduced e.g. using NaBH 4 and CeCl 3 to afford the desired 
alcohol (xix) as a mixture of diastereoisomers. Reduction can 
proceed in high yields. Chiral reduction of the enone inter- 
mediate can be accomplished in good yield and good diaste- 

45 reosclcctivity by using (R>2-methyl-CBS-oxazaborolidine 
reagent and BH 3 complexed with THF (J. Am. Chem. Soc. 
1987, 109, 7925-7926) or other hydride reducing agent like 
N,N-di ethyl aniline borane (Org. Proc. Res. Dev. 2002, 6, 
146-148) using THF or other suitable solvents. Acidic treat - 

50 ment (e.g. HCI in MeOH) followed by saponification of the 
ester group e.g. using NaOH in MeOI 1/water/THF can pro- 
vide desired product (xx). 

y-Lactam derivatives having the hydroxy 1 group in position 
16 (xxi) can be suitably obtained as described in Scheme 4a 

55 below by oxidation of the alcohol (xvii) followed by Wittig 
reaction using the desired (3-hydroxyalkyl)(triphcnyl)phos- 
phonium salt (for synthesis of the phosphorane intermediate 
see Tetrahedron 1998, 54, 4243 or Chem. Lett. 1991, 113). 
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C0 2 H 



(xxii) 

Acidic treatment (e.g. HOI in MeOI I) followed by saponi- 
fication of the ester group e.g. using NaOI I in MeOH/water/ 
TBF can provide desired product (xxii). 

Synthesis of the 16-hydroxyl pyrrolidinone derivatives 
(U^r/LJ can aJso be accomplished using the Julia olfination 
reaction as described in Scheme 4b below. 



■SrhfmP! 4h 



, l)Sweraox. 

(XVII) 



OH 



Pho>s ;u Q 

(xxiii) 
nBuLi, THF 
3) Mg.TMSCJ, McOH 
O 



THP — O 




C0 2 H 



(xxii) 



Julia olefination of the aldehyde derived from oxidation of 
the alcohol intermediate (xvii) with the desired phenyl sul- 
fonc derivatives (xxiii) (for synthesis of the sulfone interme- 



diate see Synlett 2002, 1, 239-242) gave the olefme interme- 
diate (xxi). Acidic treatment (e.g. HC1 in MeOH) followed by 
saponification of the ester group e.g. using NaOH in MeOH/ 
water/THF can provide desired product (xxii). 

5 Additional preferred syntheses of compounds of the inven- 
tion are detailed in the examples which follow. 

As indicated above, the present invention includes methods 
for treating or preventing prostaglandin mediated or associ- 
ated diseases or disorders. 

10 Preferred therapeutic methods of the invention include 
inhibiting undesired smooth muscle contraction, including 
undesired prostano id-induced smooth muscle contraction. 
Methods of the invention include treatment of a patient suf- 
fering from or susceptible to dysmenorrhea, premature labor, 

15 asthma and other conditions that can be relieved by bron- 
chodilation, inflammation, hypertension, undesired blood- 
clotting (e.g. to reduce or prevent thromboses) and other 
undesired platelet activities, preeclampsia and/or eclampsia 
and eosinophil-related disorders (eosinophil disorders). 

20 Treatment and/or prevention of undesired blood clotting 
may include treatment and prophylaxis of venous thrombosis 
and pulmonary embolism, arterial thrombosis e.g. myocar- 
dial ischemia, myocardial infarction, unstable angina, stroke 
associated with thrombosis, and peripheral arterial thrombo- 

25 sis. Compounds of the invention also may be useful for anti- 
coagulation involving artificial organs, cardiac valves, medi- 
cal implementation (e.g. an indwelling device such as a 
catheter, stent, etc.) and the like. 

The invention also includes methods for treatment of infer- 

30 tility, which generally comprise administration of one or 
more pyrrolidine compounds of the invention to a mammal, 
particularly a primate such as a human, suffering from or 
suspected of suffering from infertility. See the Merck Manual, 
vol. 2, pages 12-17 (16"' ed.) for identification of patients 

35 suffering from or suspected of suffering from infertility, 
which in the case of humans, can include failure to conceive 
within one year of unprotected intercourse. 

The treatment methods of the invention may be particularly 
beneficial for female mammals suffering from an ovulatory 

40 disorder. Additionally, compounds of the invention can be 
administered to females undergoing assisted reproductive 
treatments such as in-vitro fertilization, e.g. to stimulate fol- 
licular development and maturation, as well as implantation 
procedures. In particular, treatment methods of the invention 

45 may be used in conjunction with in vitro fertilization technol- 
ogy to enhance survival and/or fertilization of a mammalian 
egg such as in IVF setting. 

Treatment methods of the invention also may be employed 
for control of cervical ripening in late pregnancy (e.g. in 

50 humans, late pregnancy would be third trimester, particularly 
week 30 onward). 

Therapeutic methods of the invention also include treat- 
ment of glaucoma or other disorder involving elevated intra- 
ocular pressure. 

55 Treatment methods of the invention also include inhibition 
or prevention of bone loss such as to treat osteoporosis, and 
for promoting bone formation (e.g. to use as a therapy in a 
bone fracture) and other bone diseases such as Paget 's dis- 
ease. The invention also includes methods for treating a mam- 

60 mal that has low bone mass, oris susceptible to low bone mass 
such as a mammal having a condition that can present low 
bone mass, e.g. osteoporosis. 

The invention also includes therapeutic methods for other 
bone mass augmentation treatments or enhancement, such as 

65 enhancing bone graft success rates or replacement of the need 
of such grafts, bone extension, bone healing following facial 
reconstruction and other treatments. Such treatment also may 
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be used in coordination with an appropriate medical device. The treatment methods of the invention also will be useful 

such as an orthopedic device e.g. a spinal case, bone pins and for treatment of mammals other than humans, including for 

screws, and other bone fixation devices. veterinary applications such as to treat horses and livestock 

In general, such therapies are useful for any condition e.g. cattle, sheep, cows, goats, swine and the like, and pets 

which can present low bone mass, which conditions include 5 such as dogs and aits. Methods of the invention to treat 

those where the level of bone mass is below the age specific premature labor will be particularly useful for such veterinary 

normal as defined in standards by the World Health Organi- applicatioas. Therapeutic methods of the invention also will 

zntion "Assessment of Fracture Risk and its Application to be useful for treatment of infertility in such veterinary appli- 

Screening for Postmenopausal Osteoporosis (1994), World cations. 

Health Organization Technical Series 843." More particu- to For diagnostic or research applications, a wide variety of 

larly, such conditions include periodontal disease, alveolar mammals will be suitable subjects including rodents (e.g. 

bone loss, post-osteotomy and childhood idiopathic bone mice, rats, hamsters), rabbits, primates and swine such as 

loss, and primary and second osteoporosis as discussed above inbred pigs and the like. Additionally, for in vitro applica- 

and complications thereof such as curvature of the spine, loss tions. such as in vitro diagnostic and research applications, 

of height and prosthetic surgery. 15 body fluids (e.g., blood, plasma, serum, cellular interstitial 

Subject particularly suitable for such bone growth promo- fluid, saliva, feces and urine) and cell and tissue samples of 

tion therapies include subjects suffering from acute injuries the ab °ve subjects will be suitable for use. 

that can involve bone damage, subjects having undergone Compounds of the invention, including 1,2-substituted 

related surgery such as facial reconstruction, and subjects that 5-pyrrolidinone compounds and EP4 agonists, may be 

are at increased risk of the above discussed disorders and 20 administered as a "cocktail" formulation with other therapeu- 

diseases such as post-menopausal women and men and ucs < ie - coordinated administration for simultaneous, 

women over the age of 50 or 60. sequential or separate use, of one or more compounds of the 

Compounds of the invention also will be useful to treat invention together with one or more other active therapeutics, 

sexual dysfunction, including male sexual dysfunction, such particularly one or more other known fertility agents. For 

as erectile dysfunction. 25 instance, one or more compounds of the invention may be 

Compounds of the invention also are useful for treatment administered in coordination for simultaneous, sequential or 

of a subject suffering from or susceptible to renal dysfunc- sep™* llse ' Wlth a re ^ me oJ a P am relief a g ent > an ami - 

tion, including a mammal suffering from or susceptible to inflammatory agent, or an anticoagulant, depending on the 

acute or chronic renal failure. Such treatment methods can being treated. Suitable a nti -coagulants for such 

promotcrepairand/orregenerationoflddneytissueinamam- 30 coordinated drug therapies include e.g. warfarin, heparin, 

mal, particularly a human. Iurudm or hmilo % or an antiplatelet such as RcoPro. 

Compounds of the invention also are useful for treatment ^ lreat ™ nt of fcrtilil y one or more com- 

of a subject suffering from or susceptible to an immune dis- P 0 ""* °f ** f invention, may be suitably administered m 

order including an immune deficiency disease or disorder, , ^rfination for simultaneous "H*? 1 c ° f ^ 

including such a disorder associated with a viral infection 35 W1 * known a « ents "J* " follicle StunulaUng and/ 

particularly a retroviral infection such as an HIV infection. £ LeuUmzing Honnone such as Gonal * F ' Melrodm HP or 

Particularly benefited frv such therapies will be a human ergona ■ . . . 

suffering from or suscep'tible to AIDS. , C ° m P° unds ° f ** mvmnon, includmg 1,2-subst.tuted 

_ . - . . . ... . - . r . 5-pyrrohdinone compounds and EP4 agonists, may be 

Compounds of the invention will be further useful to •♦wA-^u- .v, «• ' ■ 

, . . . , x- t_- 40 admini stereo either as the sole active therapeutic or in a coor- 

reduce elevated tntra-ocular pressure ot a subject, e g. f - wj(h 

one or more other therapeutics can be 

dirough relaxat.cn of pre-contracted isolated altary muscle. administered by a variety of rout such J ora|| or bv 

In particular, a mammal such as a human suffering from or • ; .. i - . i t \ 

*..,!. « ■ . , r . . . mjection, e.g., intramuscular, intraperitoneal, subcutaneous 

susceptible to glaucoma or other disorder associated with • ■ * - ., , . „ 

, ; . . , ^ * c* .i ■ or intravenous mjection, or topically such as transdermal ly, 

elevated intra-ocular pressure. Compounds of the invention .„..-«„ M A n, tvi: i r.u ■ 

t n . i> , r * t t t 45 vaginally and the like. Pyrrolidine compounds of the mven- 

also will be useful for treatment of a mammal, particularly a ~ , . , , . . . 

i_ 4 . • . . ... . ; J tion may be suitably administered to a subject m the proto- 

human that is suffering from or susceptible to dry eye ^ ^ wateMohjWc f as , Jb^ceuucally 

Compounds of the invention will be further useful for acccptabIc salt ofan organic or inorganic acidj e .g., hydro- 

treatment of a subject suffering from or susceptible to inflam- chloride, sulfate, hemi-sulfate, phosphate, nitrate, acetate, 

matory diseases or disorders, including vascular uuiamma- 50 oxaJale dtratc maIcate mcsvIateT c(c _ If the compound fo s 

tion, inflammatory pain and hyperalgesia. an acidic group, e.g. a carboxy* group, base addition saJts raav 

Compounds of the invention also will be useful for pro- be prepared. Lists of additional suitable salts may be found, 

moting sleep in a subject, e.g. to treat a mammal particularly e g . in Part 5 of Remington > s Pharmaceutical Sciences, 2(f h 

a human suffenng from or susceptible to a sleep disorder such Edition. 2000, Marck Publishing Companv. Easton. Pa. 

as may be associated with advanced age, such as a human of 55 Compounds of the invention can be employed, either alone 

65 years or older. or j n combination with one or more other therapeutic agents 

The therapeutic methods of the invention generally com- as discussed above, as a pharmaceutical composition in mix- 
prise administration of an effective amount of one or more mre with conventional excipient, i.e., pharmaceutically 
compounds of the invention to a subject including a mammal, acceptable organic or inorganic carrier substances suitable for 
such as a primate, especially a human, in need of such treat- 60 oral, parenteral, enteral or topical application which do not 
ment. deleteriously react with the active compounds and are not 

Typical candidates for treatment in accordance with the deleterious to the recipient thereof. Suitable pharmaccuti- 

methods of the invention persons suffering from or suspected cally acceptable carriers include but are not limited to water, 

o ('suffering from any of the above disorders or diseases, such salt solutions, alcohol, vegetable oils, polyethylene glycols, 

as a female susceptible or suffering from preterm labor, or a 65 gelatin, lactose, amy lose, magnesium stcaratc, talc, silicic 

subject suffering from or susceptible to dysmenorrhea or acid, viscous paraffin, perfume oil. fatty acid mo noglycerides 

undesired bone loss. and diglyceridcs. pctrocthral fatty acid esters, hydroxym- 
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ethyl -cellulose, polyvinylpyrrolidone, etc. The pharmaceuti- 
cal preparations can be sterilized and if desired mixed with 
auxiliary agents, e.g., lubricants, preservatives, stabilizers, 
wetting agents, emulsiiiers, salts for influencing osmotic 
pressure, buffers, colorings, flavorings and/or aromatic sub- 5 
stances and the like which do not deleteriously react with the 
active compounds. 

Pharmaceutical compositions of the invention may prefer- 
ably include a compound of the invention, including a 1 ,2- 
substituted 5-pyrrolidinone compounds and EP4 agonists, m 
packaged together with instructions (written) for therapeutic 
use of the compound to treat e.g. premature labor, dysmen- 
orrhea or asthma, or other disorder as disclosed herein, such 
as a disease or disorder associated with or mediated by pros- 
taglandin. 

For oral administration, pharmaceutical compositions con- 
taining one or more compounds of the invention, including 
substituted pyrrolidine compounds and EP4 agonists, may be 
formulated as e.g. tablets, troches, lozenges, aqueous or oily 
suspensions, dispersible powders or granules, emulsions, 
hard or soft capsules, syrups, eiixers and the like. Typically 
suitable are tablets, dragees or capsules having talc and/or 
carbohydrate carrier binder or the like, the carrier preferably 
being lactose and/or corn starch and/or potato starch. A syrup, 
elixir or the like can be used wherein a sweetened vehicle is 
employed. Sustained release compositions can be formulated 
including those wherein the active component is protected 
with differentially degradable coatings, e.g., by microencap- 
sulation, multiple coatings, etc. 

For parenteral application, e.g., sub-cutaneous, intraperi- 
toneal or intramuscular, particularly suitable are solutions, 
preferably oily or aqueous solutions as well as suspensions, 
emulsions, or implants, including suppositories. Ampules are 
convenient unit dosages. 

It will be appreciated that the actual preferred amounts of 
active compounds used in a given therapy will vary according 
to the specific compound being utilized, the particular com- 
positions formulated, the mode of application, the particular 
site of administration, etc. Optimal administration rates for a 
given protocol of administration can be readily ascertained by 
those skilled in the art using conventional dosage determina- 
tion tests conducted with regard to the foregoing guidelines. 
See also Remington's Pharmaceutical Sciences supra. In 
general, a suitable effective dose of one or more K2 -substi- 
tuted 5-pyrrolidinone compounds of the invention, particu- 
larly when using the more potent compound(s) of the inven- 
tion, will be in the range of from 0.01 to 100 milligrams per 
kilogram of bodyweight of recipient per day, preferably in the 
range of from 0.01 to 20 milligrams per kilogram bodyweight 
of recipient per day, more preferably in the range of 0.05 to 4 
milligrams per kilogram bodyweight of recipient per day. The 
desired dose is suitably administered once daily, or several 
sub-doses, e.g. 2 to 4 sub-doses, are administered at appro- 
priate intervals through the day, or other appropriate sched- 
ule. Such sub-doses may be administered as unit dosage 
forms, e.g., containing from 0.05 to 10 milligrams of com- 
pound(s) of the invention, per unit dosage. 

The entire text of all documents cited herein are incorpo- 
rated by reference herein. The following non-limiting 
examples are illustrative of the invention. In the examples 
below, "rac." refers to a racemate or racemic mixture of the 
specified compound. 

EXAMPLES 1-80 

Synthesis of Compounds of the Invention 

The compounds of Examples I to 80 are preferred embodi- 
ments of the invention. Compounds from example I to 80 
were synthesized according to scheme 1 
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EXAMPLES 1 AND 2 

Synthesis of 4<2-{(2R)-2-|(l E)-3-hydroxyoct-l - 
enyI]-5-oxo-pyrrolidin-l-yl}eihyl)benzoic acid 




Intermediate 1.1: tert-butyl 1 -{2-[4-(methoxycarbo- 
nyl)phenyl jethyl } -5-oxo-D-prolinate 

To a solution of H-D-Glu(O x Bu)-O f I3u (0.5 g, 2.23 mmol) 
in MeOH (15 mL) were added 4 -carbomethoxy phenyl acetal- 
25 dehyde (obtained from methyl 4-formyl benzoate as 
described in7. Med. Chem. 1 989, 32, 1 277-1*283) (0.4 g, 2.23 
mmol), acetic acid (0.15 mL, 2.67 mmol), and NaCNBH 3 (3.3 
mL, 1 .0 M THF solution, 3.3 mmol). The resulting solution 
was stirred at RT for 3 h then was diluted with EtOAc (100 
30 mL) and washed with water (50 mL), and brine (50 mL). The 
organic solution was dried over sodium sulfate and concen- 
trated in vacuo. The crude oil was diluted with xylene and the 
solution refluxed for 5 h. This solution was concentrated 
under reduced pressure and purified by silica gel column 
35 chromatography using EtOAc/hexane as eluent to afford the 
title compound (0.75 g, 75%) as a white solid. R/J.45 (EtOAc/ 
hexane 1/1 ); 4 H NMR (CDC1 3 ) 6 1 .47 (s, 911), 1 .95-2.05 (m, 
1H), 2.10-2.20 (m, 1H), 2.25-2.35 (m, 1H), 2.40-2.50 (m, 
1H), 2.80-3.00 (m, 2H), 3.10-3.20 (m, 1H), 3.82 (dd, 1H), 
40 3.91 (s, 3H), 3.90-4.01 (m, 1H), 7.25 (d, 2H), 7.96 (d, 2H). 

Intermediate 1.2: l-{2-f4-(methoxycarbonyl)phenyl] 
ethyl }-5-oxo-D-proline 

45 Intermediate 1 . 1 (1 .6 g, 4.6 1 mmol) was dissolved in TFA 
(20 mL) and water (0.1 mL). This solution was stirred at RT 
for 3 hthen concentrated in vacuo to afford the t itle compound 
(1.3 g, 98%) as a pale yellow solid used in the next step 
without further purification. *H NMR (CDCI 3 ) 6 2.10-2.20 
50 (m, IH), 2.23-2.35 (m. 1), 2.45-2.65 (m, 2H). 2.85-3.02 fm, 
2H), 3.20-3.30 (m, 1 H), 3.9 1 (s, 3H), 3.95-4.05 (m. 2H), 7.25 
(d, 2H), 7.97 (d, 2H). 

Intermediate 1.3: methyl 4-{2-[(2R)-2-(hydroxym- 
55 ethyl)-5-oxopyrrolidin-l -yl] ethyl} benzoate 

Intermediate 1 .2 (4.14 g. 1 4.2 mmol) was dissolved in THF 
(50 mL) and cooled to -10° C. The solution was treated with 
N-methylmorpholine (1 .65 mL, 15.1 mmol) and stirred for 5 
60 min. To the solution was added dropwise isobutyl chlorofor- 
mate (2.00 mL, 15.1 mmol). Alter the addition was com- 
pleted, the solution was stirred for 30 min and then filtered 
through a pad of celite. The collected solution was cooled to 
-1 0° C. To the solution was added sodium borohydride (0.81 
65 g, 21.0 mmol) predissolved in water (30 mL). The solution 
was stirred at 0° C. for I h and then at RT for I h. The solution 
was poured into a scparatory funnel and diluted with EtOAc 
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(200 nib). The organic layer was washed with IN HO solu- 
tion, saturated NaHC0 3 solution, and brine. The organic layer 
was dried over sodium sulfate, filtered, and concentrated. The 
residue was purified by column chromatography (EtOAc/ 
hexane) and the alcohol (2.0 g, 50%) was isolated as a white 
solid. l H NMR(CDCI0 5 1.80-1.90 (m, 2H), 1.95-2.06 (m, 
1H), 2.23-2.35 (m. 1H), 2.40-2.51 (m, IH), 2.83-3.02 (m, 
2H), 3.21-3.35 (m, 1H), 3.45-3.53 (m, 1H), 3.56 (dd, IH), 
3.71 (dd, 1H), 3.82-3.95 (m. 1H).3.89 (s, 3H), 7.27 (dd. 2H). 
7.95 (dd, 2H). 

Intermediate 1.4: methyl 4-{2-[(2R)-2-formyl-5- 
oxopyrrolidin-1 -yljethyl} benzoate 

A DCM solution of oxalyl chloride (2.34 mL, 2.0 M, 4.69 
mmol) was diluted with dry DCM (40 mL) and cooled to -70° 
C. then a solution of DMSO (0.41 mL, 5.78 mmol) in DCM (5 
mL) was added dropwise. After 1 5 min. to this solution was 
added dropwise a solution of intermediate 1.3 (1.04 g, 3.61 
mmol) in DCM (lOmL). The resulting solution was stirred at 
-78° C. for 45 min. then Et 3 N (2.5 mL, 18 mmol) was added 
and the solution warmed to RT. After 1 5 min. the solution was 
diluted with DCM (100 mL) and washed with a saturated 
solution of NH4C! (2x100 mL), brine (100 mL), dried over 
sodium sulfate and concentrated in vacuo to afford the alde- 
hyde intermediate (0.99 g, 97%) used in the next step without 
further purification. 

Intermediate 1.5: methyl 4-(2-{(5R)-2-oxo-5-[(lE)- 
3-oxooct-l-enyl]pyrrolidin-l-yl}ethyl)benzoate 

A suspension of dimethyl (2-oxoheptyl)-phosphonate (1.5 
mL, 7.21 mmol) in THF (40 mL) was cooled to 0° C. then 
NaH (0.29 g, 60%, 7.2 1 mmol) was added portionwise. After 
30 min, a THF (10 mL) solution of intermediate 1.4 previ- 
ously obtained was added dropwise to the reaction mixture. 
The resulting mixture was stirred at RT for 3 h then was 
diluted EtOAc (100 mL) and washed with HC1 1M solution 
(100 mL) and brine. The organic phase was dried over sodium 
sulfate, filtered, and concentrated in vacuo. The residue was 
purified by column chromatography (EtOAc/hexane) and the 
product (1.3 g, 90%) was isolated as a colorless oil. R^O.3 
(EtOAc/hexane 2/1); MS (m/z) 372.5 (M+l). 

Intermediate 1.6: methyl 4-(2-{(2R)-2-[(lE)-3-hy- 
droxyoct- 1 -enyl J -5 -oxopyrro-lidin- 1 -yljethyl )ben- 
zoate 

To a mixture of intermediate 1 .5 (1 .3 g, 3.5 mmol) in EtOH 
(20 mL) and water (20 mL) were added CeCl 3 (1.13 g, 9.15 
mmol) followed by NaBH A (0.35 g, 9. 1 5 mmol). After 1 h the 
reaction was diluted with a saturated solution of NaHC0 3 (70 
mL) and extracted with EtAOc (3x70 mL). The combined 
organic phase was washed with brine (100 mL), dried over 
sodium sulfate, filtered, and concentrated in vacuo. The resi- 
due was purified by column chromatography (EtOAc/hex- 
ane) and the product (1.3 g, mixture of tw o di as tereo isomers, 
90%) was isolated as colorless oil. R,0.3 (EtOAc): MS (m/z) 
374.5 (M+l). 

EXAMPLES I AND 2 

4-(2-{(2R)-2-f( 1 E)-3-hydroxyoci- 1 -eny l]-5-oxopyr- 
rolidin- 1 -yljethyl) benzoic acid 

To a solution of intermediate 1.6 (1.3 g. 4.58 mmol) in 
water (2 mL), McOH (6 mL), and THF (6 mL) was added 



20 



25 



NaOl 1 (0.26 g. 6.4 mmol). The resulting solution was stirred 
at RT for 5 h then was concentrated under reduced pressure. 
The crude mixture of diastereisomers was purified by RP- 
HPLC using ACN/H 2 0 (10 mmol NaOAc) to afford the 
desired compounds. 

EXAMPLE 1 

4-(2-{(2R)-2-[(lE ; 3S)-3-hydroxyoct-l-enyl]-5-oxopyrro- 
lidin-1 -yljethyl) benzoic acid (first isomer in HPLC: ACN/ 

H, 0 0.1% TEA): l H NMR (CD,OD) 6 0.85-0.95 (m, 3H). 

I. 20-1.50 (m, 8H), 1.65-1.81 (m, lH) f 2.11-2.41 (m, 3H), 
2.79-2.95 (m, 2H), 3.11-3.22 (m, IH). 3.65-3.80 (m, IH). 
3.98-4. 10(m.2H),5.43 (dd. IH), 5.65(dd, 1H),7.31 (d, 2H). 
7.94 (d, 2H); MS (m/z) 360 (M+l). 

EXAMPLE 2 

4-(2-{(2R)-2-[(lE,3R)-3-hydroxyoct-l-enyl|-5-oxopyr- 
rolidin-1 -yljethyl) benzoic acid (second isomer in HPLC: 
ACN/H a O 0.1% TFA): l H NMR (CD 3 OD) 5 0.85-0.95 (m, 
3H), 1.20-1.55 (m, 8H), 1.65-1.78 (m, IH), 2.1 1-2.45 (m, 
4H), 2.80-2.95 (m. 2H), 3.16-3.28 (m, IH), 3.65-3.80 (m, 
IH), 3.98-4.10 (m,2H), 5.43 (dd, IH). 5.70 (dd, IH), 7.33 (d, 
2H), 7.94 (d ; 2H); MS (m/z) 360 (M+l ). 

EXAMPLES 3 AND 4 

Synthesis of 4-(2-{(2S)-2-[(l E)-3-hydroxyoct-l- 
eny I]-5-oxo-pyrrolidin- 1 -yl Jethy l)benzoic acid 
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The title compounds were prepared from H-Glu(O r Bu)- 
O'Bu and dimethyl (2-oxoheptyl)-phosphonate using the pro- 
cedure of Example 1 and 2. 

EXAMPLE 3 

4-(2-{(2S)-2-[(lE,3S)-3-hydroxyoct-l-envll-5-oxopyrro- 
lidin-1 -yljethyl) benzoic acid: l H NMR (DMSO-d 6 ) 5 0.85- 
0.95 (m, 3H), 1.20-1.50 (m. 8H), 1.55-1.67 (m, IH). 2.05- 
2.30 (m, 3H), 2.65-2.89 (m, 2H), 2.95-3.05 (m. IH), 3.55- 
3.65 (m } IH), 3.88-4.03 (m, 2H), 4.65-4.80 (ra, IH), 5.35 (dd, 
I H), 5.63 (dd, 1 H), 7.29 (d, 2H), 7.85 (d, 2H); MS (m/z) 360 
(M+l). 

EXAMPLE 4 

4-(2-{(2S)-2-[(lE,3R)-3-hydroxyoct-l-enylj-5-oxopyrro- 
lidin-1 -yljethyl) benzoic acid: 'H NMR (CD 3 OD) 5 0.85- 
0.95 (m, 3H), 1.20-1.60 (m. 8H), 1.65-1.80 (m T IH), 2.10- 
2.40 (m, 3H), 2.80-3.00 (m, 2H), 3.12-3.25 (m, IH). 3.65- 
3.80(m. IH) ; 3.95-4.10(m.2H), 5.43(dd, IH), 5.70(dd, IH), 
7.33 (d. 211), 7.94 (d. 2H); MS (m/z) 360 (M+l). 
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EXAMPLES 5 AND 6 
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Synthesis of: 4<2-{(2R)-24(IE)-3-hydroxy-4,4- 
dimethyloct- 1 -enyli-5-oxopyrrolidin- 1 -yl }ethyl) 
benzoic acid 



C0 2 H 




Intermediate 5.1: 2,2-dimethyl-hexanoic acid methyl 
ester 

To a solution of 2,2-Dimethyl-hexanoic acid (1015 g, 0.07 
mol) in ether (150 mL) was added (trimethylsilyl)diaz- 
omethane (46 ml, 2M in hexanes, 0.092 mol) drop wise. The 
mixture was stirred for 3 h. and ether was evaporated without 
applying reduced pressure. Fractional distillation of the resi- 
due provided the title ester 1 1 . 12 g (b.p. 90-95° C/l mniHg). 
'H NMR(CDC1 3 ): & 0.85 (t, >7.0 Hz, 3H), 1.1-1.2 (m, 2H), 
1.13 (s, 6H), 1.21-1.31 (m,2H), 1.44-1.51 (m, 2H), 3.72 (s, 
3H). 

Intermediate 5.2: dimethyl 
(3,3-dimethyl-2-oxoheptyl)-phosphonate 

To a solution of dimethyl methanephosphonate (19.0 g, 
0.15 mol) in dry THF ( 1 50 mL) at -70° C. under N 2 was added 
n-BuLi (67.0 ml, 2.5M in hexanes, 0.16 moi). The mixture 
was stirred at -70° C. for 20 min Then intermediate 5.1 
(1 1 .1 2 g, 0.07 mol) in THF (25 mL) was added dropwise.The 
mixture was stirred at -70° C. for an additional 45 min, and 
then the mixture was allowed to come to room temperature 
completely. Quenched with 5% HC1 (75 mL), diluted with 
DCM (500 mL) and washed with brine (100 ml). Concen- 
trated and purified on a silica gel column by eluting with 60% 
EtOAc-hexane mixture to obtain 1 .05 g of phosphonate along 
with the recovery of 5.42 g of the starting ester. 1 H NMR 
(CDC1 3 ): 6 0.83 (t, J-7.4 Hz, 3H), 1.1-1.2 (m, 2H), 1.09 (s, 
6H), 1.21-1.31 (m, 2H), 1.44-1.51 (m, 2H), 3.43 (d, J-21.2 
Hz, 2H), 3.75 (d, J=l 1 .0 Hz, 3H). 

Intermediate 5.3: methyl 4-{2-[(2S)-2-formyI-5- 
oxopyrrolidin- 1 -yl]cthyl}benzoatc 

A DCM solution of oxalyl chloride (0.7 mL, 2.0 M, 1.4 
mmol) was diluted with dry DCM ( 1 0 mL) and cooled to -70° 
C. then a solution of DMSO (0. 1 5 mL, 1 .6 mmol) in DCM (3 
mL) was added dropwise. Alter 15 min. to this solution was 
added dropwise a solution of intermediate 1.3 (278 mg, 1.0 
mmol) in DCM (3 mL). '1 Tie resulting solution was stirred at 
-78 u C. for 45 min. then Et 3 N (0.7 mL. 5.0 mmol) was added 
and the solution warmed to RT. After 1 5 min. the solution was 
diluted with DCM (100 mL) and washed with a saturated 
solution of NH 4 C1 (20 mL), brine (25 mL), dried over sodium 
sulfate and concentrated in vacuo to afford the aldehyde inter- 
mediate (265 mg) used in the next step without further puri- 
fication. 



Intermediate 5.4: methyl 4-(2-{2-[(l E)-4,4-di methyl - 

3- oxooct- l-enyl)-5-oxo-py rrolidin-l-yl} ethyl )ben- 

zoate 

5 To a suspension of NaH (55 mg, 60% in mineral oil, 1.2 
mmol) in dry THF (3 mL) at 0° C. under N 2 atmosphere was 
added intermediate 5.2 (270 mg, 1.1 mmol) in THF (2 mL) 
dropwise. After 30 min, intermediate 5.3 in THF (3 mL) was 
added to the pale yellow colored ylide suspension. The result- 

io ing mixture was stirred at RT for 1 h, and then was quenched 
with 5% HC1 (1 mL). Diluted with ElOAc (100 mL), washed 
with water (10 mL) and brine (10 mL). The organic phase was 
dried over sodium sulfate, filtered, and concentrated in vacuo. 
The residue was purified by column chromatography (50% 

15 EtOAc/hexane) and the product (200 mg, 50%) was isolated 
as a colorless oil. R/).4 (EtOAc/hexane 3/1): l H NMR 
(CDC1 3 ): 6 0.80 (t, J=7.8 Hz, 3H), 0.9-1.14 (m, 2H), 1.06 (s, 
6H), 1.16-1.26 (m, 2H), 1.42-1.50 (m, 2H), 1.66-1.76 (m, 
1H), 2.06-2.16 (m, 1H), 2.24-2.42 (m, 2H), 2.70-3.08 (m, 

20 3H), 3.76-3.86 (m, 2H), 3.85 (s, 311), 6.39 (d, J-I5.4 Hz, 1H), 
6.56 (dd, J t 32 15.6 Hz, J 2 =7.3 Hz, IH), 7.19 (d, J=8.1 Hz, 
2H), 7.91 (d, J-8.4 Hz, 2H), 3.43 (d, J-21 .2 Hz, 2H), 3.75 (d, 
J=11.0 Hz, 3H); I3 C NMR (CDC1 3 ): 14.7, 23.9, 24.5 (2C), 
25.7 27.5, 30.2, 34.5, 39.8, 42.7, 47.0, 52.5, 60.2, 125.5, 

25 128.4, 128.5 (2C), 129.6 (2C), 143.4, 143.8, 166.3, 174.3, 
202.5 

Intermediate 5.5: methyl 4~(2-{2-[(lE)-3-hydroxy-4, 

4- dimethyloct-l -enyl]-5-oxopyrrolidin- 1 -yljethyl) 
30 benzoate 

To a mixture of intermediate 5.4 (200 mg, 0.5 mmol) in 
EtOH (1 0 mL) and water (6 mL) were added CeCl 3 (486 mg, 
1 .3 mmol) followed by NaBH 4 (50 mg, 1 .3 mmol). After 1 h 

35 the reaction was diluted with a saturated sol ution of NaHC0 3 
(1 0 mL) and extracted with EtOAc (3x50 mL). The combined 
organic phase was washed with brine (15 mL), dried over 
sodium sulfate, filtered, and concentrated in vacuo to obtain 
200 mg of the alcohol as a diastereomeric mixture. 1 lie crude 

40 mixture was used as such for the next step with out further 
purification. 

EXAMPLES 5 AND 6 

45 4-(2-{(2R)-2-[(l E>3-hydroxy-4,4-dimethyloct- 1 - 
eny IJ-5-oxopyrro-lidin- 1 -yl}ethyl)benzoic acid 

To a solution of intermediate 5.5 (200 mg, 0.5 mmol) in 
MeOH (6 mL) and water (0.4 mL) was added NaOH (40 mg, 

so 1 mmol) . The resulting solution was heated under microwave 
oven for 1 5 min at 80° C. in a sealed tube. Then the reaction 
mixture was concentrated under reduced pressure. The crude 
mixture of diastereomers was purified by RP-HPLC using 
ACN/H 2 0 (10 mmol NaOAc) to afford the desired com- 

55 pounds. 

EXAMPLE 5 

4-(2-{2-[(lE,3S)-3-hydroxy-4,4-dimethyloct-l-enyIJ-5- 
60 oxopyrrolidin-l-vl}ethyl)benzoic acid: (First isomer in 
HPLC: ACN/H,OAJTA, 30 mg): l H NMR (CDC1 3 ): o 0.76- 
0.98 (t. 3H, 2s,~6H), 1.1-1. 14 (m, 6H), 1.66-1.80 (m, 1H), 
2.1-2.44 (m, 3H), 2.74-3.0 (m, 2H), 3.06-3.2 (m, IH), 3.68- 
3.86 (m, 2H), 3.94-4.08 (m, IH), 5.45 (dd, J,-15.4 Hz, J 2 -8.8 
65 Hz, 1H),5.71 (dd,^- 1 5.0 Hz, J. -7.3 Hz. 1H),7.31 (d. J=7.4 
Hz, 2H), 7.94 (d, J-7.7 Hz, 2H); xy C NMR (CDC1,): 13.8, 
22.6. 22.8. 24.0, 25.9, 26.3, 30.2, 33.5, 37.4, 39. 1 , 42. 1 , 61 .6, 
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78.3, 128.4 (2C), 128.7, 129.4 (2C), 130.6, 134.5, 144.2, 

167.7, 175.6; MS calcd. for C 2 ,H 33 N0 4 : 387; Found (m/z): 
388 (M+l). 

EXAMPLE 6 

4-(2-{2-[(lE : 3R)-3-hydroxy-4 ; 4-dLmethyloct-l-enyi]-5- 
oxopvrroli&n-l-yl}ethyl)benzoic acid: (second isomer in 
HPLC: ACN/H 2 0 0.1% TFA, 47 mg): l H NMR (CDCI,): 6 
0.76-0.98 (t. 3H, 2s, 6H). 1.14-1.37 (m. 6H), 1.60-1.78 (m, 
1H), 2.08-2.44 (m. 3H), 2.76-2.98 (m, 2H), 3.14-3.28 (m, 
1 FI), 3.66-3.84 (m, 2H), 3.94-4.08 (m, 1 H), 5.40 (dd. J,=15.2 
Hz, J 2 =8.8 Hz, 1H), 5.71 (dd, J t »15.4 Hz, J,=6.6 Hz, 1H), 
7.32 fd. J=7.7 Hz. 211), 7.94 (d, J-7.7 Hz, 2H); l3 C NMR 
(CDC1 3 ): 513.9, 22.8, 24.0, 26. 1 , 26.3, 30.3, 33.6, 37.5 T 38.9, 
42.1,61.6, 78.0, 128.5(2C), 129.4(2C), 130.1, 134.5, 144.2, 

167.8, 175.6; MS calcd. for C 23 H 33 N0 4 : 387; Found (m/z): 
388 (M+l). 



38 

EXAMPLE 8 



4-(2-{(2R)-2-[(I E,3S)-3-hydroxy-3-(l -phenyl cy ciopro- 
pyl)prop-l-enylj-5-oxo pyrrolidin-l-yl}ethyl)benzoic acid 
(Second isomer in HPLC: ACN/H 2 0 0.1% TFA). ! H NMR 
(CD 3 OD) 6 0.70-0.98 (m, 4H). 1 .50- 1 .63 (m. 1H), 2.05-2.30 
(m, 4H), 2.70-2.85 (m, 2H), 2.86-2.98 (m, 1H), 3.50-3.60 (m, 
1H), 3.78 (d 1 H). 3.85-3.93 (m. 1 H), 5.25 (dd, 1 H), 5.64 (dd. 
1H), 7.10-7.40 (m, 7H), 7.93 (d, 2H); MS (m/z) 406 (M+I). 

EXAMPLE 9 

4-(2-{(2R)-2-|(lE,3S)-3-hydroxy-4-(3-chlorophenyl) 
but- 1 -enyl]-5-oxopyrrolidin- 1 -yl }ethyl)benzoic acid 



,C0 2 H 



EXAMPLES 7 AND 8 

Synthesis of 4-(2-{(2R)-2-[(lE,3R)-3-hydroxy-3-(l- 
phenylcyclopropyl)prop-l -cnyl ]-5 oxopyrrolidin- 1 - 
yl}ethyl)benzoic acid and 4-(2-{(2R)-2-[(IE,3S)-3- 
hydroxy-3-(l -phenylcyclopropyl)prop- 1 -enyl]-5- 
oxopyrrolidin- l-yl})ethyl)benzoic acid 



C0 2 H 




and 



20 



25 



30 



35 




Intermediate 9.L Dimethyl 
3-(3-chlorophenyl>2-oxopropylphosphonate 



C0 2 H 



The title compound were made in an analogous manner to 
that described for Example 5 and 6 starting from intermediate 
1.4, 1-phenyl cyclopropanecarboxylic acid, and dimethyl 
methanephosphonate. 

EXAMPLE 7 

4-(2-{(2R)-2-((lE,3R)-3-hydroxy-3-(l-phenyicyclopro- 
pyl)prop-l-enyl]-5 oxo pyrrolidin-l-yl}ethyl)benzoic acid 
(First isomer in HPLC: ACN/H 2 0 0.1% TFA) *H NMR 
(D,0) 6 0.75-0.93 (m, 4H), 1 .45- 1 .63 (m, 1 H), 2.00-2. 1 2 (m, 
1H), 2.20-2.35 (m, 2H). 2.78-2.90 (in, 2H), 3.05-3.12 (m, 
IH), 3.60-3.78 (m, 2H), 3.81-3.90 (m, 1H). 5.25 (dd. 1H), 
5.50 (dd, 1 H), 7.20-7.40 (ra, 7H), 7.76 (d, 2H); MS (m/z) 406 
(M+l). 



To a solution of dimethyl methylphosphonate (4.32 mL, 40 
mmol) in anhydrous THF (40 mL), cooled at -78° C was 
added n-BuLi (1.6 M in hcxanc, 27.5 mL, 44 mmol): The 
mixture was stirred for 30 minutes at this temperature under 
40 nitrogen. Methyl 3-chlorophenylacetate (3.69 mL, 20 mmol) 
was added dropwise for 1 0 minutes. The mixture was stirred 
for 2 hours at -78° C, gradually was warm to room tempera- 
ture. The mixture was quenched with addition of IN HC1 to 
pH 4-5. The organic layer was separated, washed with brine 
45 and dried over MgS0 4 . The residue was purified through flash 
chromatography on silica gel (MeOH/CH 2 Cl 2 1 .5/98.5) to 
give the product (1.43 g) with colorless oil in 26% yield. 
'H-NMR (CDCI3) 6 3.07 (d, J-21 Hz, 2H), 3.750 (s, 3H), 
3.775 (s, 3H), 3.873 (s, 2H), 7.01 (t, J^8.0 Hz, 1H), 7.19 (s, 
50 lH),7.28(d, >8.0Hz,2H). 

Intermediate 9.2. Methyl 4-(2-{(5R)-2-oxo-5-[(lE)- 
3-oxo-4-(3-chlorophcnyl)-but-l -enyl]pyrrolidin-l - 
yl}ethyl)benzoate 



55 

To a solution of Intermediate 9.1 (402.5 mg, 1.455 mmol) 
in anhydrous THF ( 1 5 mL)at 0° C. was added 60% NaH (58.2 
mg, 1 .455 mmol) in mineral oil. The mixture was stirred for 
10 minutes. Intermediate I.4(400mg, 1.455mmoJ)inTHF(3 

60 mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 
acetate (15 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 , The residue was purified 

65 through flash chromatography on silica gel (EtOAc/Hexanes 
1/1) to give the product (350 mg) as a colorless oil in 56% 
yield. 1 H-NMR (CDC1 3 ) 6 1 .57 (m, 2H), 0.829 (m, 2H), 0.937 
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(tn, 2M). 1 .091-1.130 (m, 3H). 3.771 (s, 3H), 3.908 (s, 2H), 
6.095 (d,J-l 5.8 Hz, IH), 6.511 (dd, J=8.1 and 15.8 Hz, 1H), 
7.09 (m, 1H), 7.24 (d, J=8.4 Hz, 2H), 7.25 (s, IH), 7.28 (d, 
J=8.0 Hz, 2H), 7.95 (d, J=8.4 Hz, 2H). 

Intermediate 9.3. Methyl 4-(2-{(2R)-2-[(lE.3S)-3- 
hydroxy-4-(3-ch!orophenyl) but-1 -cny l]-5-oxopyrro- 
lidin-l-yl}ethyl)benzoate 

To a solution of (R)-2-methyl-CBS-oxazaboroiidine (1.0 
M in toluene, 0.80 mL, 0.80 mmol) in anhydrous THF at 0° C. 
was added Borane-THF complex (1.0 M, 0.80 mL, 0.80 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 9.2 (400 mg, 0.80 mmol) in THF (2 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (15 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was purified through flash chromatog- 
raphy on silica gel (EtOAc) to give the product (220 rag) as 
colorless oil in 64% yield. 'H-NMR (CDC! 3 ) 6 2.21 (m, IH), 
2.40 (m, 2H), 2.818 (m, 5H), 3.710 (m, 3H), 3.90 (s, 3H), 
4.353 (d, J-7.0 Hz, IH), 5.340 (dd, J-8.5 and 16.1 Hz, IH), 
5.567 (dd. >6.2 and 16.1 Hz, IH), 7.221 (m, 6H), 7.949 (d, 
J-8.1 Hz, 2H). 

EXAMPLE 9 

4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-4-(3-chlorophenyl) 
but- 1 -enyl]-5-oxopyrrolidin- 1 -y l}ethyl)benzoic acid 

To a solution of Intermediate 9.3 (220 mg, 0.5 1 4 mmol) in 
MeOH/THF/H 2 0 (2/2/2 mL) was added NaOH (1.0 M, 1 .29 
mL, 1 .29 mmol). The mixture was stirred for overnight. After 
concentration under reduced pressure, the residue was puri- 
fied, through RP-HPLC using ACN and H 2 0 0.1% TFA to 
afford the desired product (140 mg, 65%) as a white solid. 
'HNMR (CD 3 OD, ppm) 6 1.610 (m, IH). 2.239 (m ; 3H), 
3.542 (m, IH), 3.881 (dd, J=6.4 and 8.0 Hz IH), 4.305 (dd, 
J-7.4 and 6.6 Hz, 1 H), 5.255 (dd, J=7.7 and 1 5 Hz, 1 H), 5.579 
(dd, J=6.6 and 15 Hz, IH), 7.25 (m, 4H), 7.27 (d, J-8.4 Hz, 
2H), 7.943 (d, J=8.4 Hz, 2H). MS (m/z) 4 1 4.9 (M+H + ), 436.3 
(M+Na*). 

EXAMPLE 10 

4-(2-{(2R)-2-f(lE,3S)-3-hydroxynon-l-enyl]-5-ox- 
opyrrolidin-l-yl} ethyl) benzoic acid 




Intermediate 10.1. Ethyl 2-oxooctyIphosphonate 

To a solution of dimethyl methy Iphosphonate (3.25 mL, 30 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
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added n-BuLi (1.6 M in hexane, 20.6 mL, 33 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl enanthate (2.49 mL, 13 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 

5 at -78° C. gradually was warm to room temperature. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (MeOH: CH 2 Cl 2 -2:98) to give the 

10 product (3.32 g) with colorless oil in 91% yield. *H NMR 
(CDC1J 6 0.801 (m, 3H), 1 .214 (m, 6H), 1 .56 (m, 2H), 2.548 
(m, 2H), 3.048 (d, J=2L8 Hz, 2H), 3.710 (s, 3H), 3.738 (s. 
3H). 

15 Intermediate 10.2. Methyl 4-(2-{(5R)-2-oxo-5-[(lE)- 
3-oxonon- 1 -cnyljpyrrolidin- 1 -y)\ ethyl) benzoate 

To a solution of Intermediate 10.1 (343.74 mg, 1.455 
mmol) in anhydrous THF (1 5 mL) at 0° C. was added 60% 

20 NaH (58.2 mg, 1 .455 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (400 mg, 1.455 
mmol) in THF (5 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 

25 dilute with Ethyl acetate (30 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 4 , The residue 
was purified through flash chromatography on silica gel 
(EtOAc: FIexanes=l:l) to give the product (420 mg) as a 
colorless oil in 75% yield. "H NMR (CDC1 3 ) 6 0.887 (m, 3H), 

30 1.279 (m.4H), 1. 584 (m, 8H), 2.519 (m, 4 H), 2.921 (m,2H), 
3.046 (m, IH), 3.901 (s, 3H). 6.067 (d, J-l 5.8 Hz, 1 H), 6.430 
(dd, >8.0 and 15.8 Hz, IH), 7.250 (d, J-8.0 Hz, 2H), 7.972 
(d, J-8 Hz, 2H), MS (m/z) 408.4 (M+Na + ). 

Intermediate 10.3. Methyl 4-(2-{(2R)-2-[(lE,3S)-3- 
35 hydroxynon-1 -enyl]-5-oxopyrrolidin-l -yl}-ethyl) 
benzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene, 1 .04 mL, 1.04 mmol) in, anhydrous THF at 0° 

40 C. was added Borane-THF complex (1.0 M, 1.04 mL, 1.04 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 10.2 (400 mg, 1 .04 mmol) in THF (3 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 

45 ammonia chloride and was dilute with EtOAc (50 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was purified through flash chromatog- 
raphy on silica gel (EtOAc) to give the product (380 mg) as 
colorless oil in 95% yield. MS (m/z): 388.3 (M+H*). 

50 

EXAMPLE 10 

4-(2-{(2R)-2-[(lE,3S)-3-hydroxynon-l-enyl]-5-ox- 
opyrrolidin-l-yl} ethyl) benzoic acid 

55 

To a solution of Intermediate 10.3 (200 mg, 0.5 16 mmol) in 
MeOH/THF/H 2 0 (2/2/2 mL) was added NaOH (3.0 M, 1 .29 
mL. 1 .29 mmol). The mixnire was stirred for overnight. After 
concentration under reduced pressure, the residue was puri- 

60 tied through RP-HPLC using ACN and H 2 O/0.1% TFA to 
afford the desired product ( 1 50 mg, 78%) as a white solid. l H 
NMR (CD.OD) 50.874 (t. J=7 Hz, 3H), 1 .285 (m, 2H), 1 .503 
(m,2H), 1.746 (m, 2 H), 2.326 (m,3H), 2.901 (m,2H), 3.176 
(m, 211), 3.30 (m, 4H), 5.484 (dd, J-6.8 and 15.4 Hz, IH), 

65 5.657 (dd, J-6.6 and 1 5.4 Hz, I H), 7.3 10 (d. J=7.7 Hz, 2H), 
7.96 (d, J==7.7 Hz, 2H), MS (m/z) 374.6 (M+H*), 396.4 
(M+Na*). 
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EXAMPLE II 



42 



4-(2-{(2S)-2-l3-(3S)-hydroxynonyIj-5-oxopyrroli- 
din- 1-yl} ethyl) benzoic acid 



co 2 h 




OH 



Intermediate 11.1. Methyl 4-(2-U2S)-3-(3S)-hydrox- 
ynonyl]-5-oxopyrroIidin- 1 -yl}ethyl)benzoate 

To a solution of Intermediate 10.3 in methanol was added 
Pd/C The mixture was exposure to hydrogen (with balloon) 
for overnight. The Pd/C was filtered through a layer of Celite. 
After evaporation of the solvent, the crude product was used 
for the next reaction without further purification. 

EXAMPLE 1 1 

4-(2-{(2R)-2-[3-(3S)-hydroxynonyl]-5-oxopyrroli- 
din- 1-yl} ethyl) benzoic acid 

To a solution of Intermediate 11.1 (0.4645 mmol) in 
MeOH/THF/H 2 0 (2/2/2 mL) was added NaOH (1 .0 M, 1.16 
mL, 1.16 mmol). The mixture was stirred for overnight. .After 
concentration under reduced pressure, the residue was puri- 
fied through RP-HPLC using ACN and H 2 O/0.1% TFA to 
afford the desired product (63 mg, 36%) as a white solid. *H 
NMR (CD 3 OD) 6 0.899 (m, 3H), 1.307-1.789 (m, 16H), 
2.106 (m, 1H), 2.275 (m. 2H), 2.945 (m, 2H), 3.54 (ra, 2H), 
3.820 (m, 1H). 7.352 (d, J-7.7 Hz, 2H), 7.973 (d, J-7.7 Hz T 
2H), MS (m/zj 376.7 (M+H*). 398.5 (M+Na*). 

EXAMPLES 12 AND 13 

4-[2-((2R)-2-{(lE)-3-[l-(3-ftuorophenyl)cyc!open- 
tyl]-3-hydroxyprop-l -enyl}-5-oxopyrrolidin- 1 -yl) 
ethyl]benzoic acid 



was added 1 mL of concentrated sulfuric acid. The mixture 
was refluxed overnight. The mixture was neutralized to pH 
4-5 with sodium carbonate. The solvent was evaporated. 'I Tie 
residue was dissolved in ethyl acetate (50 mL). washed with 
5 brine (3x10 mL, dried over MgSO A . The crude product was 
used for the next reaction without further purification. 

Intermediate 12.2. Dimethyl 
2-(l-(3-fluorophenyl)cyclopentyl)-2-oxoethyl 
io phosphonate 

To a solution of dimethyl methylphosphonate (4.32 mL, 40 
mmol) in anhydrous THE (30 mL), cooled al -78° C. was 
added n-BuLi (1 .6 M in hcxane, 27.50 mL, 44 mmol). The 

15 mixture was stirred for 30 minutes at this temperature under 
nitrogen. Intermediate 12.1 (4.44 g, 20 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C, gradually was warm to room temperature. The 
mixture was quenched with addition of IN HQ to pH 4-5. 

20 The organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (MeOH: CH 2 Cl 2 -2:98) to give the 
product (3.8 g) with colorless oil in 60% yield. *H NMR 
(CDC1 3 ) 6 1.70 (m. 4H). 1.96 (m, 2H), 2.51 (m, 2H), 2.91 (d, 

25 J-12.8 Hz, 2H), 3.71 (d, >2L2 Hz, 6H), 6.59 (m, 3H), 7.29 
(m : 1H). 

Intermediate 12.3. Methyl 4-l2-((2R>2-{(lE)-3-[l- 
(3-fluoropheny l)cyclopentyl]-3-oxoprop- 1 -enyl } -5- 
30 oxopyrrolidin-1 -yl)ethyljbenzoate 

To a solution of Intermediate 12.2 (457,16 mg, 1.455 
mmol) in anhydrous THF (15 mL) at 0° C. was added 60% 
NaH (58.2 mg. 1 .455 mmol) in mineral oil. The mixture was 

35 stirred for 10 minutes. Intermediate 1.4 (400 mg, L455 
mmol) in THF (5 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with Ethyl acetate (30 mL). The organic layer was 

40 washed with brine (3x5 mL), dried over MgS0 4 , The residue 
was purified through flash chromatography on silica gel 
(EtOAc:Hexanes=l:l) to give the product (604 mg) as a 
colorless oil in 90% yield. 1 H NMR (CDC1 3 ) 6 1 .60 (m, 4H), 
1.93 (m, 2H), 2.27 (m. 2H), 2.41 (m, 2H), 2.78 (m, 2H), 3.67 

45 (m,lH),3.92(s,3H),5.98(d,J=15.1 Hz, lH),6.50(dd. J-8.4 
and 15.1 Hz, 1 H), 7.00 (m. 3H), 7,088 (d,J-8.0 Hz, 2H), 7.29 
(m, 1 H), 7.90 (d, J=8.0 Hz, 2H). MS (m/z) 486.5 (M+Na*). 




Intermediate 12.4. Methyl 4-[2-((2R)-2-{(lE)-3-[l- 
50 (3-fluorophenyl)cyclopentyl|-3-hydroxyprop- 1- 

enyl } -5-oxopyrrolidin- 1 -yl)ethyl]benzoate 

To a solution of Intermediate 12.3 in ethanol/ water (20 mL, 
v/v (1:1)) was added cerium chloride (7 1 1 .65 mg, 1.91 mmol ) 
55 and sodium borohydride (96.27 mg, 2.545 mmol). The mix- 
ture was stirred for overnight. After evaporation of the sol- 
vent, the crude product was used for the next reaction without 
purification. 

60 EXAMPLES 12 AND 13 

4-[2-((2R)-2-{( 1 B)-3-[ 1 -(3-fluorophenyl)cyclopen- 
tyl]-3-hydroxy prop- 1 -enyl }-5-oxopyrroIidin-l -yl) 
eihyl]benzoic acid 



Intermediate 12.1. Methyl 
l-(3-fiuorophenyl)cyclopentanecarboxylaie 

65 

To a solution of methyl l-(3-tluorophenyI)cycIopentan~ To a solution of Intermediate 12.4 (300 mg, 0.644 mmol) in 

ecarboxylic acid (5.0 g, 24.01 mmol) in anhydrous methanol McOHmiF/H 2 0 (2/2/2 mL) was added NaOH (1 .0 M, 1.61 
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ml 1 .61 mmol). The mixture was stirred for overnight. After 
concentration under reduced pressure, the residue was puri- 
fied through RP-HPLC using ACN and H 2 O/0.1% TFA to 
afTord example 12 (80 mg, 27%) and exampfe 13 (1 00 mg) as 
a white solid. 

EXAMPLE 12 

4-f2-((2R)-2-{(lE,3R)-3-[l-(3-fluorophenyI)cyclopen- 
tyi]-3-hydroxyprop-l ~enyl}-5-oxopyrrolidin-l -yl)ethyl] 
benzoic acid (the first isomer in RP-HPLC: ACN/H,0 0.1% 
TFA): »H NMR(CDjOD) 6 0.1.56 (m, 2H), 1.599 (ra, 2H), 
1.990 (m s 2H), 2.21 (m, 2H), 2.88 (m, 2H), 3.77 (m, iH), 532 
(in, 2H), 6.89 (m, IH), 7,13 (m, 2H), 7.23 (m, IH), 7.29 (d, 
J=8.4 Hz, 2H), 7.94 (d, J=8.4 Hz, 2H), MS (m/z): 452.2 
(M+H + ). 

EXAMPLE 13 

4-[2-((2R)-2-{(lE,3S)-3-[l-(3-fluorophenyl)cyclopen- 
tylj-3-hydroxyprop-l -enyl}-5-oxopyrrolidin>l -yl)ethyl] 
benzoic acid (the second isomer in RP-HPLC: ACN/H,0 
0. 1 % TFA): 1 HNMR (CD 3 OD, ppm) 5 0. 1 . 56 (m, 2H), 1 .599 
(m, 2H), 1.990 (m, 2H), 2.21 (m, 2H), 2.88 (m, 2H), 3.77 (m, 
IH), 5.32 (m, 2H), 6.89 (m, IH), 7,13 (m, 2H), 7.23 (m, IH). 
7.29 (d, J-8.4 Hz, 2H), 7.94 (d, J=8.4 Hz, 2H), MS (m/z): 
452.2 (M+H + ). 

EXAMPLES 14 AND 15 

4-[2- {(2R)-2-[( 1 E)-3-hydroxy-4-methyl-4-phenyl- 
pcnt-1 -enyIJ-5-oxopyrrolidin- 1 -yl }ethyl)bcnzoic 
acid 



yield. l ll NMR (CDCy 6 1.54 (s. 6H). 2.87 (d, J-15.8 Hz, 
2H), 3.69 (d. J-l 1.2 Hz, 6H), 7.23 (m, 3H), 7.35 (m, 2H). 

Intermediate 14.2. Methyl 4-[2-((2R)-2-{(lE)-4- 
methyl -3 -oxo-4 -pheny Ipent - 1 -eny 1] -5 -oxopy rro I id in- 
l-yl}ethyl)benzoate 

To a solution of Intermediate 14.1 (393.24 mg, 1.455 
mmol) in anhydrous THF (1 5 mL) at 0° C. was added 60% 
10 NaH (58.2 mg, 1 .455 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (400 mg, 1.455 
mmol) in THF (5 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with ethyl acetate (30 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 47 The residue 
was purified through flash chromatography on silica gel 
(EtOAc/Hexanes 1/1) to give the product (520 mg) as a col- 
orlessoil in 85% yield. 'HNMR (CDC1 3 )6 1.51 (s,6H).2.03 
(m, 3H), 2.27 (m, 2H), 2.65 (m, IH), 2.73 (m, 4H), 3.63 (m, 
20 2H), 3.95 (s, 3H), 5.88 (d, J- 15.3 Hz, 1 H), 6.51 (dd, >8.1 and 
15.1 Hz, IH), 7.13 (d, J-8.0 Hz, 2H), 7.23 (d, >8.0 Hz, 2H), 
7.32 (m, 3H), 7.89 (d, J-8.0 Hz, 2H), MS (m/z) 420.4 
(M+H + ). 

25 Intermediate 14.3. Methyl 4-{2-((2R)-2-{(lE)-3- 

hydroxy-4-methyl-4-phenylpent- 1 -enyl } -5-oxo-pyr- 
rolidin-1 -yl)ethyl]benzoatc 



To a solution of Intermediate 14.2 (510mg, 1.216 mmol) in 
30 ethanpl/water (20 mL, v/v (1:1)) was added cerium chloride 
(679.6 mg, 1.824 mmol) and sodium borohydride (91.97mg, 
2.43 mmol). The mixture was stirred for overnight. After 
evaporation of the solvent, the crude product was used for the 
next reaction without purification. 



,C0 2 H 




35 EXAMPLES 14 AND 15 

4-[2-{(2R)-2-|(lE)-3-hydroxy-4-methyl-4-phenyl- 
pent- 1 -enyl]-5-oxopyrrolidin- 1 -yl} ethyl )benzoic 
acid 

40 

To a solution of Intermediate 14.3 (300 mg, 0.7 12 mmol) in 
MeOH/THF/H 2 () (2/272 mL) was added NaOH (1 .0 M, 1.78 
mL, 1 .78 mmol). The mixture was stirred for overnight. After 
concentration under reduced pressure, the residue was puri- 
45 fied through RP-HPLC using ACN and H 2 O/0.1% TFA to 
afford example 14 (70 mg) and example 15 (120 mg) as a 
white solid. 



50 



Intermediate 14.1. Dimethyl 
3-raethyl -2-0X0-3 -pheny lbutylphosphonate 

To a solution of dimethyl methylphosphonate(4.32 mL, 40 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 27.50 mL, 44 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl 3 -methyl -3 -phenyl proponate (3.56 g, 20 
mmol) was added dropwise for 10 minutes. The mixture was 
stirred for 2 hours at -78° C, gradually was warm to room 
temperature. The mixture was quenched with addition of IN 
HC1 to pH 4-5. The organic layer was separated, washed with 
brine and dried over MgS0 4 . The residue was purified 
through flash chromatography on silica gel (EtOAcrHex- 
ancs- 1 : J ) to give the product (3 .5 g) with colorless oil in 65% 



55 



EXAMPLE 14 

4-l2-{(2R)-2-[(lE,3R)-3-hydroxy-4-methyM-phenyI- 
pent-l-enyl]-5-oxopyrrolidin-l-yl}ethyl)benzoic acid (the 
first isomer in RP-HPLC: ACN/H 2 0 0.1% TFA): 'H NMR 
(CD 3 OD, ppm) 6 1 .3 1 4 (s, 3H), 1 .340 (s. 2H), 1 .568 (m, 1 H). 
2.08 (m, 1 H), 2.37 (m, 2H), 2.68 (m, 2H), 3.55 (m, 1 H), 3.73 
(m, 1H),4.24 (m, IH), 5.25 (dd, J-8.0 and 15.0Hz, IH), 6.39 
(dd, J-6.8 and 1 5.0 Hz, 1 H), 7. 1 6 (d, J=8.0 Hz, 1 H), 7.23 (m, 
4H), 7.37 (d, J-8.0 Hz, 2H), 7.93 (d, J=8.0 Hz, 2H), MS (m/z) 
408.4 (M+Fr). 

EXAMPLE 15 

4-[2-{(2R)-2-|(lE,3S)-3-hydroxy-4-methyI-4-phenyl- 
pent-l-enyl]-5-oxopym>lidin-l-vl}eihyl)benzoic acid (the 
second isomer in RP-HPLC: ACN/H 2 0 0. 1% TFA): 1 H NMR 
(CD^OD) 6 1 .3 14 (s, 3H), 1 .340 (s, 2H). 1 .568 (m. 1 H), 2.08 
(m, IH), 2.37 (m, 2H), 2.68 (m. 2H), 3.55 (m. IH), 3.73 (m. 
1 H), 4.24 (m, I H) f 5.25 (dd, J-8.0 and 1 5.0 Hz, 1 H), 6.39 (dd, 
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J=6.8 and 15.0 Hz. 1H). 7.16 (d, J-8.0H/, III), 7.23 (m,4H), 
7.37 (d, J-8.0 Hz, 2H), 7.93 (d, J=8.0 Hz, 2H). MS (rn/zj 
408.4 (M+H*). 

EXAMPLE 16 

4-l2-{(2R>2-[(lE ! 3S)-3-hydroxyhept-l-enyl]-5- 
oxopyrrolidin-l-yl}ethyl) benzoic acid 



,co?H 



in 




20 



Intermediate 16.1. Dimethyl 2-oxohexylphosphonate 

To a solution of dimethyl methylphosphonate (3.25 ml, 30 
mmol) in anhydrous THF (30 mL). cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 20.6 mL, 33 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl valerate (2.0 mL, 15 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C, gradually was warm to room temperature. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (MeOH/DCM 2/98) to give the product 
(3.0 g) with colorless oil in 96% yield. 'H NMR (CDC1 3 ) 6 
0.848 (t, J-7.3 Hz, 3H), 1.28 (m, 2H), 1.52 (m, 2H). 2.57 (t, 
J=2.4 Hz, 2H) 3.074 (d, >21 Hz, 2H), 3.760 (s, 311), 3.762 (s, 
3H). 

Intermediate 16.2. Methyl 4-(2-{(5R)-2-oxo-5-[(lE)- 
3-oxohept- 1 -enyljpyrrolidin- 1 -y l}ethyl)benzoate 

To a solution of Intermediate 16.1 (302.49 mg, 1.453 
mmol) in anhydrous THF (10 mL) at 0° C. was added 60% 
NaH (58. J 2 mg, 1 .453 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (200 mg, 0.7265 
mmol) in THF ( 1 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with ethyl acetate (15 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 4 , The residue 
was purified through flash chromatography on silica gel 
(EtOAc/Hexanes 1/1) to give the product (167 mg) as a col- 
orless oil in 64% yield. l H NMR (CDC1 3 ) 6 0.908 (t. J-7.0 
Hz, 3H). 1.32 (m, 2H). 1.57 (m, 2H). 1.75 9m. 2H). 2.16 (m, 
2H), 2.43 (m, 2H), 2.50 (t. >7.0 Hz, 2H). 2.60 (t, J-7.0 Hz, 
2H), 2.90 (m, IH),3.90(s,3H),6.07(d. J-l5.2Hz, HI), 6.44 
(dd, J-8. 1 and 1 5.3 Hz, 1 H ), 7.25 (d, J-8.4 Hz. 2H). 7.91 (d. 
>8.4 Hz, 2H), (m/z) 380.6 (M+Na + ). 

Intermediate 16.3. Methyl 4-(2-{(2R)-2-[(l E,3S)-3- 
hydroxyhept-l-enyl|-5-oxopyrrolidin-l-yl}ethyl) 
benzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene, 1 .2 mL. 1 .20 mmol) in anhydrous THF at 0° C. 
was added Borane -THF complex (1 .0 M. 1 .2 mL, 1 .20 mmol) 



25 



dropwise. The mixture was stirred for 15 minutes. Interme- 
diate 16.2 (420 mg. 1.18 mmol) in THF (1 mL) wys added 
dropwise. The mixture was stirred for 3 hours. The mixture 
was quenched with addition of 1 mL of the saturated ammo- 
nia chloride and was di lute with EtOAc (15 mL). The organic 
layer was washed with brine (3x5 mL). dried over MgS04. 
The residue was purified through flash chromatography on 
silica gel (EtOAc) to give the product (340 mg) as colorless 
oil in 81% yield. 

EXAMPLE 16 

4-f2-{(2R)-2-f(lE,3S)-3-hydroxyhept-l-enyll-5- 
oxopyrrolidin-l-yl} ethyl) benzoic acid 

To a solution of Intermediate 16.3 (170 mg, 0.474 mmol) in 
MeOH/THF/H 2 0 (2/2/2 mL) was added NaOH (1.0 M, 1.18 
mL. 1.18 mmol). The mixture was stirred for overnight. After 
concentration under reduced pressure, the residue was puri- 
fied through RP-HPLC using ACN and H 2 O/0.1% TFA to 
afford the desired product (89 mg) as a white solid. 1 H NMR 
(CD 3 OD) 6 0.896 (t 5 J-7.3 Hz, 3H). 1 35 (m, 411), 1 .51 (m, 
2H), 1.71 (m, lH),2.19(m, 1H),2.32 (m. 2H), 2.90 (m, 2H), 
3.16 (m, 1H), 3.73 (m, 1H), 5.45 (dd. J-8.8and 15.0 Hz, 1H), 
5.63 (dd, J=6.2 and 15.0 Hz, 1 H), 7.33 (d, .1-7.6 Hz, 2H), 7.95 
(d, J-7.6 Hz, 2H), MS (m/z): 346.6 (M+H*). 

EXAMPLES 17 AND 18 

4-[2-((2R)-2-{(lE)-3-|l-(4-chlorophenyl)cyclopen- 
tyl]-3-hydroxyprop-l -euyl}-5-oxopyrrolidin- 1 -yi) 
ethyl] benzoic acid 



,C0 2 H 
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Intermediate 17.1. Methyl 
l-(4-chlorophenyl)cyclopentanecarboxylate 

To a solution of methyl 1 -(4-chlorophenyl)cyclopentan- 
ccarboxylic acid (5.0 g, 22.25 mmol) in anhydrous methanol 
was added 1 mL of the concentration of sulfuric acid. The 
mixture was refluxed for overnight. The mixture was neutral- 
ized to pH 4-5 with sodium carbonate. The solvent was evapo- 
rated. 'ITie residue was dissolved in ethyl acetate (50 mL). 
washed with brine (3x1 0 mLO, dried over MgSG 4 . The crude 
product was used for the next reaction without further puri- 
fication. 

Intermediate 17.2. Dimethyl 
2-[ 1 ^4chlorophenyI)cyciopentyl]-2-oxoethyl 
phosphonatc 

To a solution of dimethyl methylphosphonate (4.32 mL. 40 
mmol) in anhydrous THF (30 mL). cooled at -78° C. was 
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added n-BuLi (1.6 M in hexnne, 27.50 m!, ; 44 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Intermediate 17.1 (4.77 g, 20 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C, gradually was warm to room temperature. The 5 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (EtOAc/Hexanes 1/1 ) to give the prod- 
uct (3.56 g) with colorless oil in 54% yield. 1 H NMR (CDC1 3 ) 10 
6 1.61 (m, 4H) 5 1.96 (in, 2H), 2.49 (in, 2H). 2.91 (d. J-21.3 
Hz, 2H), 3.68 (s, 3H), 3.71 (s, 3H), 7.20 (d, J-8.8 Hz, 2H), 
7.32 (d, J-8.8 Hz, 2H). 

Intermediate 17.3. Methyl 4-[2-((2R)-2-{(lE)-3-[l- is 
(4-chlorophenyl)cyclopentyl]-3-oxoprop-l-enyl}-5- 
oxopyrrolidin- 1 -yl)ethy ljbenzoate 

To a solution of Intermediate 17.2 (480 mg, 1 .455 mmol) in 
anhydrous THF (1 5 mL) at 0° C. was added 60% NaH (58.2 20 
mg, 1 .455 mmol) in mineral oil. The mixture was stirred for 
10 minutes. Intermediate 1. 4 (400 mg, 1.45 5 mmol) in THF (5 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 25 
acetate (30 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 , The residue was purified 
through flash chromatography on silica gel (EtOAc/Hcxancs 
1/1) to give the product (520 mg) as a colorless oil in 75% 
yield. »H NMR (CDC! 3 ) & 1.60 (m, 4H), 1.93 (m, 2H), 2.27 30 
(m, 2H), 2.41 (m, 2H), 2.78 (m, 2H), 3.67 (m, 1H), 3.92 (s, 
3H), 5.98 (d, J-15.4 Hz, 1H), 6.50 (dd, J-8.4 and 15.4 Hz, 
1H), 7.00 (m, 3H), 7.088 (d, J-8.4 Hz, 2H), 7.23 (d, J=8.4 Hz, 
2H), 7.29 (d, J=8.4 Hz, 2H), 7.94 (d, J=8.4 Hz, 2H), MS (m/z) 
502.8 (M+Na + ). 



(dd. J=8. 1 and 1 5.3 Hz, 1 H), 5.33 (ddL J-7.0 and 1 5.3 Hz, 1 H). 
7.19 (<L J-8.8 Hz, 2H), 7.28 (d. J=8.8 Hz. 2H). 7.29 (d, J-8.4 
Hz, 2H), 7.98 (d, J=8.4 Hz, 2H), MS (m/z) 468.3(M+H*). 

EXAMPLE 18 

4-[2-((2R>2-{(lE J 3S>3.[l-(4-chloropheny!)cyclopen- 
tyI]-3-hydroxyprop-l -enyl}-5-oxopyrrolidin- l-y])ethyl] 
benzoic acid (the second isomer in RP-HPLC: ACN/H 2 0 
0.1%TFA): l H NMR (CD 3 OD) 5 0.1.56 (m, 2H), 1.599 (m. 
2H), 1 .990 (m, 2H), 2.2 1 (m, 2H), 2.88 (m, 211), 3.77 (m, 1 H). 
5.29(dd, J— 8.1 and 15.3 Hz. 1H), 5.33 (dd, J-7.0and 15.3 Hz\ 
1H), 7.19 (d, J=8.8 Hz, 2H), 7.28 (d, J-8.8 Hz, 2H). 7.29 (d, 
J=8.4 Hz, 2H), 7.98 (d, J=8.4 Hz, 2H), MS (m/z) 468.3(M+ 

EXAMPLES 19 AND 20 

4-[2-((2R)-2-{( 1 E)-3 -[ 1 -(4-fluoropheny l)cyclopen- 
ty 1] -3 -hy droxy prop- 1 -eny 1 } -5 -oxopy rrol idin- 1 -yl) 
ethyl] benzoic acid 



,C0 2 H 



Intermediate 17.4. Methyl 4-[2-((2R)-2-{(lE)-3-[l- 
(4-chJorophenyl)cycIopentyI]-3-hydroxyprop- 1 - 
enyI}-5-oxopy rrol idin- 1 -yl)ethyl]benzoate 

To a solution oflntermediate 17.3 (520 mg, 1 .08 mmol) in 
ethanol/water (20 mL, v/v (1:1)) was added cerium chloride 
(605.5 mg, 1.63 mmol) and sodium borohydride (81.94 mg, 
2.17 mmol). The mixture was stirred for overnight. After 
evaporation of the solvent, the crude product was used for the 
next reaction without purification. 

EXAMPLES 17 AND 18 

4-[2-((2R)-2-{(lE)-3-[l-(4-chIorophenyl)cyclopen- 
tyl|-3-hydroxy prop-1 -enyl}-5-oxopyrroIidin-l -yl) 
ethyl Jbenzoic acid 

To a solution of Intermediate 7.4 in MeOH/THF/H 2 0 
(2/2/2 mL) was added NaOH ( 1 .0 M, 2.7 mL, 2.7 mmol). The 
mixture was stirred for overnight. After concentration under 
reduced pressure, the residue was purified through RP-HPLC 
using ACN and H 2 O/0.1% TFA to aftbrd example 17 (1 18 
mg) and example 18 (290 mg) as a white solid. 

EXAMPLE 17 

4-[2-((2R)-2-{(lE,3R>3-[l-(4-chlorophenyl)c>'clopen- 
tyl )-3-hydroxyprop- 1 -eny 1 }-5-oxopyrrolidin- 1 -y l)ethyl] 
benzoic acid (the first isomer in RP-HPLC: ACN/H 2 0/TFA): 
1 HNMR (CD.OD, ppm) 6 0.1.56 (m. 2H), 1.599 (m. 2H), 
1 .990 (in, 2H), 2.2 1 (m, 2H), 2.88 (ra, 2H), 3.77 (m, 1 H j, 5.29 




35 



40 Intermediate 1 9. 1 . Methyl 

1 -(4-fluorophenyl )cyclopentanecarboxy late 

To a solution of methyl 1 -(4-fluoropheny l)cyclopcntan- 
ecarboxylic acid (5.0 g, 24.01 mmol) in anhydrous methanol 

45 was added 1 mL of the concentration of sulfuric acid. The 
mixture was refluxed for overnight. The mixture was neutral- 
ized to pH 4-5 with sodium carbonate. The solvent was evapo- 
rated. The residue was dissolved in ethyl acetate (50 mL), 
washed with brine (3x10 mL), dried over MgS0 4 . The crude 

50 product was used for the next reaction without further puri- 
fication. 

Intermediate 19.2. Dimethyl 
2~[ 1 -(4-fluorophenyl)cyclopentyl] -2-oxoethyl 
55 phosphonate 

To a solution of dimethyl raethylphosphonate (4.32 mL, 40 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 27.50 mL, 44 mmol). The 

60 mixture was stirred for 30 minutes at this temperature under 
nitrogen. Intermediate 19.1 (4.44 g, 20 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C, gradually was warm to room temperature. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 

65 The organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (EtOAc/Hcxancs 1/1) to give the prod- 
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uct (3.50 g) with colorless oil in 56% yield. 1 I I NMR (CDCI 3 ) 
5 1.61 (m, 4H), 1.96 (m, 2H). 2.49 (m, 2H), 2.91 (d, J=21.3 
Hz, 2H) S 3.68 (s, 3H), 3.71 (s, 3H), 7.02 (d, J-8.4 Hz, 2H), 
7.20 (m, 2H). 

Intermediate 19.3. Methyl 4-[2-((2R)-2-{(lE)-3-[l- 
(4-fiuorophenyl)cyclopentyl]3-oxoprop- 1 -cnyl } -5- 
oxopyrrolidin- 1 -y l)ethy ijbenzoate 

To a solution of Intermediate 1 9.2 ( 457 mg. 1 .455mmol)in 
anhydrous Till' (15 mL) at 0° C. was added 60% NaH (58.2 
mg. 1.455 mmol) in mineral oil. The mixture was stirred for 
1 0 minutes. Intermediate 1 .4 (400 mg, I .455 mmol) in THF (5 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with ethyl 
acetate (30 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 , The residue was purified 
through flash chromatography on silica gel (EtOAc/Hexanes 
1/1) to give the product (560 mg) as a colorless oil in 83% 
yield. *H NMR (CDC1,) 6 1.60 (m, 4H), 1.93 (m, 2H), 2.27 
(m. 2H). 2.41 (m, 2H), 2.78 (m, 2H), 3.67 (m, 1H), 3.92 (s, 
3H), 5.99 (d, J=I5.3 Hz, 1H), 6.50 (dd, J=8.8 and 15.4 Hz, 
IH), 7.01 (d,J=8.4, 2H),7.09(d,>8.1 Hz, 2H), 7.24 (m, 2H), 
7.92 (d, J-8. 1 Hz, 2H), MS (m/z) 486.4 (M+Na + ). 

Intermediate 19.4. Methyl 4-[2-((2R)-2-{(lE)-3-[l- 
(4-fluorophenyl)cyclopentyl]-3-hydroxyprop-l- 
enyl}-5-oxopyrrolidin-l-yl>:thyl]benzoate 

To a solution of Intermediate 19.3 (560 mg, 1.21 mmol) in 
ethanol/water (20 mL, v/v (1:1)) was added cerium chloride 
(675.1 mg, 1.81 mmol) and sodium borohydride (91.40 mg, 
2.42 mmol). The mixture was stirred at RT for overnight. 
After evaporation of the solvent, the crude product was used 
for the next reaction without purification. 

EXAMPLES 1 9 AND 20 

4-[2-((2R)-2-{(lE)-3-[l-(4-fluorophenyl)cyclopen- 
tyl]-3-hydroxy prop-l-enyl}-5-oxopyrrolidin-l -yl) 
ethylj benzoic acid 

To a solution of Intermediate 19.4 in MeOH/THP/H 2 0 
(2/2/2 mL) was added NaOH (1 .0 M, 3.02 mL, 3.02 mmol). 
The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0. 1 % TFA to afford example 
1 9 (1 60 mg) and example 20 (284 mg) as a white solid. 

EXAMPLE 19 

4-[2-((2R)-2-{(lE,3R>3-fl-(4-fluorophenyl)cyclopen- 
tyl]-3-hydroxyprop-l-enyl}-5-oxopyrrolidin-l-yl)ethyl] 
benzoic acid (the first isomer in RP-HPLC: (ACN/H 2 0 0.1 % 
TFA): A H NMR (CD 3 OD) 6 0.1.56 (m. 2H). 1.599 (m, 2H), 
1 .990 (m. 2H), 2.21 (m, 2H), 2.88 (m. 2H), 3.77 (m, 1 H), 5.28 
(dd. J=8. i and 1 5 .4 Hz, I H), 5 .33 (dd, J-7 .0 and 1 5 .4 Hz. 1 H), 
6.96 (d, J-8.8 Hz, 211), 7.29 (m, 4H), 7.98 (d, J-8.1 Hz, 2H), 
MS (m/z) 452.3 (M+H*). 

EXAMPLE 20 

4-[2-((2R)-2-{(l E,3S)-3-[ 1 -(4-fluorophenyI)c>'clopen- 
ryl]-3-hydroxyprop- 1 -enyl} -5-oxopyrrolidin- 1 -yl)ethyl] 
benzoic acid (the second isomer in RP-HPLC: (ACN/H 2 0 
O.I%TFA): J H NMR (CD 3 OD) o 0.1 .56 (m, 2H), 1.599 (m, 
2H), I.990(m. 2H),2.2I (m.2H), 2.88 (m.2H), 3.77 (m. IH), 
5.28 (dd, >8. 1 and 1 5.4 Hz. 1 H), 5.33 (dd, J-7.0 and 1 5.4 Hz, 
1H), 6.96 (d, J-8.8 Hz, 2H), 7.29 (m. 4H). 7.98 (d J=8. 1 Hz. 
2H), MS (m/z) 452.3 (M+FT). 
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EXAMPLES 21 AND 22 

4T2-((2R)-2-{(l E)-3-[l -(2-nuorophenyI)cyclopen- 
tyl]-3- hydroxy prop-l-enyl}-5-oxopyrrolidin-l -yl) 
ethyl jbenzoic acid 

C0 2 H 




20 

Intermediate 21.1. Methyl 
1 -(2 -fluorophenyt)cyc lopentanecarboxy late 

To a solution of methyl l-(2-h*uorophenyl)cyclopentan- 
25 ecarboxylic acid (5.0 g, 24.01 ramol) in anhydrous methanol 
was added 1 mL of the concentration of sulfuric acid. The 
mixture was refluxed for overnight. The mixture was neutral- 
ized to pH 4-5 with sodium carbonate. The solvent was evapo- 
rated. The residue was dissolved in ethyl acetate (50 mL), 
washed with brine (3x10 mL), dried over MgS0 4 . The crude 
30 product was used for the next reaction without further puri- 
fication. 

Intermediate 21 .2. Dimethyl 
2-[ 1 -(2-fluorophenyl)cyclopenryl]-2-oxoethyl 
35 phosphonate 

To a solution of dimethyl methylphosphonate (4.32 mL, 40 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1 .6 M in hexane, 27.50 mL, 44 mmol). The 
4Q mixture was stirred for 30 minutes at this temperature under 
nitrogen. Intermediate 21.1 (4.44 g, 20 mmo!) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C. gradually was warm to room temperature. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
45 over MgSO A . The residue was purified through flash chroma- 
tography on silica gel (EtOAc/Hexanes 1/1) to give the prod- 
uct (3.50 g) with colorless oil in 56% vield. ( H NMR (CDC1 3 ) 
6 1.61 (m, 411), 1.96 (in, 2H), 2.49 (m, 2H), 2.91 (d, J=21.3 
Hz, 2H), 3.68 (s, 3H), 3.71 (s. 3H), 7.04 (t, J-8.4 Hz, IH), 
50 7.16 (d, J-8.4 Hz, IH), 7.25 (m, IH), 7.37 (t, J-8.4 Hz, IH). 

Intermediate 21.3. Methyl 4-|2-((2R)-2-{(lE)-3-[l- 
(2-lluorophenyl)cyclopentyl]-3-oxoprop- 1 -enyl } -5- 
oxopyrrolidin-1 -yI)ethyl]benzoate 

55 To a solution of Intermediate 21 .2(457 mg. 1.455 mmol) in 
anhydrous THF (15 mL) at 0° C. was added 60% NaH (58.2 
mg, 1 .455 mmol) in mineral oil. The mixture was stirred for 
10 minutes. Intermediate 1.4 (400 mg, 1.455 mmol) in THF (5 
mL) was added dropwise. The mixture was stirred for over- 
60 night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 
acetate (30 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 , The residue was purified 
through flash chromatography on silica gel (EtOAc/Hexanes 
1/1) to give the product (440 mg) as a colorless oil in 65% 
65 vield. l H NMR (CDC1 3 ) 6 1.60 (m, 4H), 1.93 (m. 2H), 2.27 
(m, 2H). 2.41 (m, 2H), 2.78 (m, 2H), 3.67 (m, IH), 3.92 (s. 
3H). 5.94 (d. J*=15.4 Hz, IH), 6.51 (dd. J=8.1 and 15.4 Hz, 
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111), 6.97 (t,J-8.3, lH),7.09(cU=8.! Hz. 2H), 7.21 (m.2H), 
7.40(t,J-8.3 Hz, IH),7.92 (d, J-8. 1 Hz, 2H), MS (m/z) 486.6 
(M+Na 4 "). 

Intermediate 21.4. MethyJ 4-[2-((2R)-2-{(lE)-3-[ 1- 
(2-Huorophenyl)cyclopenty IJ-3-hyclroxyprop- 1 - 
enyl}-5-oxopyrrolidin-l-ylX'thyl]benzoate 

To a solutionof Intermediate 21 .3 (440 mg, 0.949 mniol) in 
cthanol/water (20 mL, v/v (1:1 )) was added cerium chloride 
(530.5 mg. 1 .43 mmo'l) and sodium boro hydride (71.82 mg, 
1 .89 mmol). The mixture was stirred at RT lor overnight. 
After evaporation of the solvent, the crude product was used 
for the next reaction without purification. 

EXAMPLES 21 AND 22 

4-[2-((2R)-2-{(lE)-3-[l-(2-fluomphenyl)cyclopen- 
tylj -3- hydroxy prop-1 -enyl}-5-oxopyrrolidin-] -yl) 
ethyl] benzoic acid 

To a solution of Intermediate 21.4 in MeOH/THF/H,0 
(2/2/2 mL) was added NaOH (1 .0 M : 2.37 mL, 2.37 mmo'l). 
The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0.1% TFA to afford example 
21 (94 mg) and example 22 (220 mg) as a white solid. 

EXAMPLE 21 

4-[2-((2R>2-{(l E,3R>3-[1 -(2-fluorophenyl)cyclopen- 
tyl]-3-(3S)hydroxy prop-1 -enyl}-5-oxopyrrolidin-l-yl) 
ethyljbenzoic acid (the first isomer in RP-HPLC (ACN/H,0 
0.1% TFA): 'H NMR (CD,OD) 6 0.1 .56 (m, 2H), 1 .599 (In, 
2H), 1 .990 (m, 2H), 2.21 (m, 2), 2.88 (m, 2H). 3.77 (m. 1H), 
5 .23 (dd, >8.8 and 1 5 .0 Hz, 1 H), 5.44 (dd, J-7 .0 and 1 5.0 Hz, 
1H), 6.99 (m, 2H), 7. 19 (m, 1H), 7.28 (d, J=8.0 Hz, 2H), 7.29 
(m, 1H), 7.98 (d, J=8.0 Hz, 2H), MS (m/z) 452.3 (M+H+). 

EXAMPLE 22 

4-[2-((2R)-2-{(i E,3S)-3-[l -(2-fluorophenyl)cycIopen- 
tylJ-3-(3S)hydroxy prop-1 -enyl}-5-oxopy rrolidin-l-y I) 
ethyl ]benzoic acid (the second isomer in RP-HPLC (ACN/ 
H,O0.1%TFA): 1 H NMR (CD 3 OD) 6 0. 1.56 (m, 2H), 1.599 
(m, 2H), 1.990 (m, 2H),2.21 (m, 2H),2.88 (m, 2H),3.77 (m, 
1H), 5.23 (dd, J=8.8 and 15.0 Hz, 1H), 5.44 (dd, J-7.0 and 
1 5 .0 Hz, 1H), 6.99 (m, 2H), 7.19 (m, 1 H), 7.28 (d, J-8 .0 Hz, 
2H), 7.29 (m, 1H), 7.98 (d, J=8.0 Hz, 2H), MS (m/z) 452.3 
(M+H + ). 

EXAMPLES 23 AND 24 

4-[2-((2R)-2-{(IE)-3-[l-(4-methy!phcnyl)cyclopcn- 
ty l]-3-hydroxyprop- 1 -eny 1} - 5-oxopyrrolidi n- 1 -yl) 
ethyljbenzoic acid 



52 



Intermediate 23.1. Methyl 
l-(4-memylphenyl)cyclopentanecarboxyIatc 

To a solution of methyl l-(2-fluorophenyl)cyclopcntan- 
5 ecarboxylic acid (5.0 g, 24.48 mmol) in anhydrous methanol 
was added t mL of the concentration of sulfuric acid. The 
mixture was re fluxed for overnight. The mixture was neutral- 
ized to pH 4-5 with sodium carbonate. The solvent was evapo- 
rated. The residue was dissolved in ethyl acetate (50 mL), 
washed with brine (3x10 mL), dried over MgS0 4 . The crude 
10 product was used for the next reaction without further puri- 
fication. 

Intermediate 23.2. Dimethyl 
2-[ 1 -(4-mcthyIphcnyI)cyclopentyl]-2-oxoethyl 
15 phosphonate 

To a solution of dimethyl methylphosphonate (4.32 mL, 40 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 27.50 mL, 44 mmol). The 
_, 0 mixture was stirred for 30 minutes at this temperature under 
nitrogen. Intermediate 23.1 (4.36 g, 20 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C. gradually was warm to room temperature. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
25 over MgSO A . The residue was purified through flash chroma- 
tography on silica gel (EtOAc/Hexanes 1/1) to give the prod- 
uct (4.30 g) with colorless oil in 69% yield. * H NMR (CDC1 3 ) 
6 1.61 (m,4H), 1.96 (m, 211), 2.27 (s, 3H), 2.49 (m. 2H), 2.91 
(d, >21.3 Hz, 2H), 3.68 (s, 3H), 3.71 (s, 3H), 7.13 (s, 4H). 

30 

Intermediate 23.3. Methyl 4-f2-((2R)-2-{(lE)-3-[l- 
(4-methylphenyI)cyclopentylj-3-oxoprop-l-enyl}-5- 
oxopyrrolidin- 1 -yl)ethyl]benzoate 

To a solution of Intermediate 23.2 (45 1 .4 mg, 1 .455 mmol) 
in anhydrous THF (15 mL) at 0° C. was added 60% NaH (58.2 
mg, 1 .455 mmol) in mineral oil. The mixture was stirred for 
10 minutes. Intermediate 1 .4 (400 mg, 1 .455 mmol) in THF (5 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
40 rated ammonia chloride. The mixture was dilute with Ethyl 
acetate (30 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 , The residue was purified 
through flash chromatography on silica gel (EtOAc/Hexanes 
1/1) to give the product (520 mg) as a colorless oil in 78% 
45 yield. 'H NMR (CDC1 3 ) 6 1.60 (m, 4H), 1.93 (m, 2H), 2.27 
(m, 2H), 2.28 (s, 3H), 2.41 (m, 2H), 2.78 (m, 2H), 3.67 (m. 
1H), 3.92 (s,3H), 6.03 (d,J=15.4 Hz, lH),6.45(dd, J-8.1 and 
15.4 Hz, 1H), 7.06 (d, J-8.2 Hz, 2H), 7.12 (s. 4H), 7.90 (d, 
J=8.2 Hz, 2H), MS (m/z) 482.7 (M+Na""). 
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Intermediate 23.4. Methyl 4-[2-((2R)-2-{(lE>3-[l- 
(4-methyIphenyl)cyclopenryl)-3-hydroxyprop- 1 - 
eny 1 } -5 -oxopyrrol idin- 1 -y 1 )ethy 1 Jbenzoate 



To a solution of Intermediate 23.3 (520 mg, 1 .1 3 mmol) in 
55 ethanoi/water (20 mL, v/v (1 : 1 )) was added cerium chloride 
(632 mg, 1.69 mmol) and sodium borohydride (85.61 mg. 
2.26 mmol). The mixture was stirred at RT for overnight! 
After evaporation of the solvent, the crude product was used 
for the next reaction without purification. 

60 EXAMPLES 23 AND 24 

4-[2-((2R)-2-{(l E)-3-[ l-(4-methylphenyI)cyclopen- 
tyl]-3-hydroxy prop-1 -eny I }-5-oxopyrrol idin- 1 -yl) 
ethyljbenzoic acid 

65 

To a solution of Intermediate 23.4 in MeOH/THF/H 2 0 
(2/2/2 mL) was added NaOH (1.0 M, 2.82 mL, 2.82 mmol). 
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'I lie mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0. 1 % TFA to afford example 
23 (133 mg) and example 24 (265 nig) as a white solid. 

EXAMPLE 23 

4~[2-((2R)-2-{( 1 E,3R)-3-[ 1 -(4-methytphcnyl)cyclopen- 
tyl]-3-hydroxyprop- 1 -enyl}-5-oxopyrrolidin- 1 -yl)ethyl j 
benzoic acid (the first isomer in RP-HPLC (ACN/H 2 0 0.1% 
TFA): l H NMR (CD 3 OD) 6 0.1.56 (m, 2H) 5 1.599 (m s 2H), 
1 .990 (m. 2H), 2.2 1 (m, 2H). 2.24 (s, 3H). 2.88 (m, 2H), 3.77 
(m, 1H), 5.23 (dd,J=8.4 and 15.4 Hz, 1H).5.44 (ddj=8.0and 
1 5.0 Hz, 1 H), 7.03 (d, J-8.0 Hz, 2H), 2.90 (d, J-6.9 Hz, 2H), 
7.32 (d, J-6.9 Hz. 2H), 7.95 (d, J-8.0 Hz, 2H), MS (m/z) 
448.5 (M+H + ). 

EXAMPLE 24 

4-[2-((2R)-2-{(lE,3S)-3-[l-(4-methy]phenyl)cyclopen- 
tyl |-3-hydroxyprop- 1 -enyl } -5-oxopyrrolidin- 1 -yl)ethyl] 
benzoic acid (the second isomer in RP-HPLC (ACN/H 2 0 
0.1% TFA): l H NMR(CD 3 OD) 5 O.L56 (m, 2H), 1 .599 (m, 
2H), 1 .990 (m, 2H), 2.21 (m, 2H), 2.24 (s, 3H), 2.88 (m, 2H), 
3.77 (m. 1H), 5.23 (dd, J=8.4 and 15.4 Hz, 1H), 5.44 (dd, 
J---8.0 and 15.0 Hz, 1 H), 7.03 (d. J=8.0 Hz, 2H), 2.90 (d, J=6.9 
Hz. 2H), 7.32 (d, J=6.9 Hz, 2H), 7.95 (d. J=8.0 Hz, 2H), MS 
(m/z) 448.5 (M+H + ). 

EXAMPLES 25 AND 26 

4-[2-((2R)-2-{(lE)-3-[l-(4-chlorophenyl)cydobu- 
tyl]-3-hydroxy piop-1 -enyl} -5-oxopyrrolidin- 1-yl) 
ethyl] benzoic acid 



COjH 




Intermediate 25.1 . Methyl 
l-(4-chloropheny|)cyclobutanecarboxylate 

To a solution of methyl 1 -(4-chIorophenyl)cy<<'lobutanecar- 
boxylic acid (5.0 g, 23.73 mmol) in anhydrous methanol was 
added 1 mL of the concentration of sulfuric acid. The mixture 
was re fluxed for overnight. The mixture was neutralized to 
pH 4-5 with sodium carbonate. The solvent was evaporated. 
The residue was dissolved in ethyl acetate (50 mL), washed 
with brine (3x10 mL). dried over MgS0 4 . The crude product 
was used for the next reaction without further purification. 

Intermediate 25.2. Dimethyl 
2-[ 1 -(4-chlorophenyl)cyclobiityl]-2-oxoethyl 
phosphonate 

To a solution of dimethyl inethyJphosphonate (4.32 mL, 40 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 27.50 mL, 44 mmol). The 
mixture was stirred for 30 minutes at this temperature under 



nitrogen. Intermediate 25.1 (4.50 g, 20 mmol) was added 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C. : gradually was warm to room temperanire. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
over MgSO A . The residue was purified through flash chroma- 
tography on silica gel (EtOAc/Hexanes 1/1) to give the prod- 
uct (4.36 g) with colorless oil in 65% vield. *H NMR (CDCl 3 ) 
5 1.6! (m, 2H). 1.96 (in, 2H), 2.49 (m, 2H), 2.91 (d, >2L3 
Hz, 2H), 3.68 (s, 3H), 3.71 (s, 3H), 7.16 (d, J=8.8 Hz, 2H). 
7.32 (d, >8.8 Hz, 2H). 

Intermediate 25.3. Methyl 4-[2-((2R)-2-{(lE)-3 c [l- 
(4-chlorophenyl)cyclohutyl]-3-oxoprop- 1 -enyl }-5- 
oxopy rrolidin- 1 -yl )ethy 1 jbenzoate 

To a solution of Intermediate 25.2 (460.8 mg, 1 .455 mmol) 
in anhydrous THF ( 1 5 mL) at 0° C . was added 60% NaH (58.2 
mg, 1 .455 mmol) in mineral oil. The mixture was stirred for 
1 0 minutes. Intermediate 1 .4 (400 mg, 1 .455 mmol) in THF (5 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 
acetate (30 ml-). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 , The residue was purified 
through flash chromatography on silica gel (EtOAc/Hexanes 
1/1) to give the product (380 mg) as a colorless oir in 71% 
yield. ! H NMR (CDCI 3 ) 6 1.60 (m, 2H), 1.93 (m, 2H), 2.27 
(m, 2H), 2.41 (m, 4H), 2.78 (m, 4H), 3.67 (m, 1H), 3.92 (s, 
3H), 5.98 (d, J-15.4 Hz. 1H), 6.50 (dd, J-8.4 and 15.4 Hz, 
1 H), 7.00 (m, 3H), 7.088 (d, J=8.0 Hz, 2H), 7.1 5 (d, J=8.4 Hz } 
2H), 7.30 (d, J-8.4 Hz, 2H), 7.94 (d, J-8.0 Hz, 2H), MS (m/z) 
488.6 (M+Na + ). 

Intermediate 25.4. Methyl 4-[2-((2R>2-{(lE>3-[l- 
(4-chlorophenyl)cyclobutyI)-3-hydroxyprop- 1 -enyl } - 
5-oxopyrrolidin- 1 -y!)ethyl]benzoate 

To a solution of Intermediate 25.3 (480 mg, 1 .03 mmol) in 
ethanol/water (20 mL, v/v (1:1)) was added cerium chloride 
(575.7 mg, 1.55 mmol) and sodium borohydride (77.93 mg, 
2.06 mmol). The mixture was stirred for overnight. After 
evaporation of the solvent, the crude product was used for the 
next reaction without purification. 

EXAMPLES 25 AND 26 

4-[2-((2R>2-{(lE)-3-(l-(4-chlorophenyl)cyclobu- 
ty I j-3-hydroxy prop- 1 -enyl } -5-oxopyrrolidin- 1 -yl) 
ethyljbenzoic acid 

To a solution of Intermediate 25.4 in MeOH/THF/H,0 
(2/2/2 mL) was added NaOH (1.0 M, 2.57 mL, 2.57 mmol). 
The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0.1% TFA to afford the 
desired product (130 mg) and the second isomer (230 mg) as 
a white solid. 

60 EXAMPLE 25 

4-[2-((2R)-2-{(lE,3R>3-(l-(4-chlorophenyl)cycloburyl3- 
3-hydroxyprop- 1 -enyl } -5-oxopyrrolidin- 1 -y l)ethyl jbenzoic 
acid (the first isomer in RP-HPLC (ACN/H 2 O0. 1 % TFA): 1 H 
65 NMR (CD 3 OD) 5 0.1.56 (m, 2H). 1.990 (m, 2H). 2.21 (m, 
2H), 2.42 (m, 4H), 2.88 (m. 4H). 3.77 (m : 1 H). 5.29 (dd, >8.4 
and 15.3 Hz. 1H), 5.33 (dd, J-6.6 and 15.3 Hz, 1H). 7.19 (d, 
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>8.8 Hz, 2H), 7.28 (d, J-8.8 Hz, 2H), 7.29 (d, J-8.4 Hz, 2H), 
7.98 (d, J-8.4 Hz. 2H), MS (m/z) 454.3 (M+H + ). 

EXAMPLE 26 

4-[2-((2R>2-{(lE 3 3S)-3-[l-(4-chiorophenyl)cyclobutyl)- 
3 -hydroxyprop- 1 -eny 1 } -5-oxopyrrolidin- 1 -y l)ethy ljbenzoic 
acid (the second isomer in RP-HPLC (ACN/H20 0. 1% TFA): 
1 H NMR (CD,OD) 8 0.1.56 (ra, 2H), 1 .990 (in, 2H), 2.2 1 (m, 
2H), 2.42 (m, 4H), 2.88 (m, 4H), 3.77 (m, 1 H), 5.29 (dd, J=8.4 
and 15.3 Hz, 1H), 5.33 (dd, J^6.6 and 15.3 Hz, 1H). 7.19 (d, 
>8.8 Hz, 2H), 7.28 (d, J-8.8 Hz, 2H), 7.29 (d. J=8.4 Hz, 2H), 
7.98 (d, J-8.4 Hz, 2H), MS (m/z) 454.3 (M+H + ). 

EXAMPLES 27 AND 28 

4-[2-((2R)-2-{(lE)-3-[l-(phenyl)cyclopentyJ]-3- 
hydroxyprup-1 -enyl } -5-oxopyrrolidin -1 -yl)ethyl ] 
benzoic acid 



,C0 2 H 
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ft 1.61 (m, 4H), 1.96 (m, 2H), 2.49 (m. 2H), 2.91 (d, J=21 3 
Hz, 2H), 3.68 (s, 3H), 3.71 (s, 3H), 7.25 (m, 5H). 

Intermediate 27.3. Methyl 4-[2-((2R)-2-{(lE)-3-[l- 
5 (phenyl )cyclopentyl|-3-oxo prop- 1 -eny 1 }-5-oxopyr- 
a>lidin- 1 -y l)ethyl jbenzoatc 

To a solution of Intermediate 27.2 (430.82 mg, 1.455 
mmol) in anhydrous THE (15 mL) at 0° C. was added 60% 

10 NaH (58.2 mg, 1 .455 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (400 mg, 1.455 
mmol) in THE (5 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 

15 dilute with Ethyl acetate (30 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 4 , The' residue 
was purified through flash chromatography on silica gel 
(EtOAc/Hexanes 1/1) to give the product (520 mg) as a col- 
orless oil in 83% yield. 1 H NMR (CDC1 3 ) S 1 . 60 (m, 4H), 1 .93 

2° (m, 2H), 2.27 (m, 2H), 2.41 (m, 2H), 2.78 (m, 2H), 3.67 (m, 
1H), 3.92 (s,3H), 6.01 (d, J=15.4Hz, 1H), 6.49(dd, J-8.1 and 
1 5.4 Hz, 1 H), 7.24 (m, 5H). 7.90 (d, J-8.2 Hz, 2H), MS (m/z) 
446.5 M+H + ). 
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Intermediate 27.1 . Methyl 
1 -(phenyl)cyclopentanecarboxylate 
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Intermediate 27.4. Methyl 4-[2-((2R)-2-{(lE)-3-[l- 
(phenyl)cyclopentyl]-3-hydroxyprop-l-enyl}-5-ox- 
opyrrolidin-1 -yl)ethyl)benzoate 

To a solution of Intermediate 27.3 (520 mg, 1 .17 mmol) in 
ethanol/water (20 mL, v/v (1:1)) was added cerium chloride 
(652.2 mg, 1.75 mmol) and sodium borohydride (88.3 mg, 
2.33 mmol). The mixture was stirred for overnight. After 
evaporation of the solvent, the crude product was used for the 
next reaction without purification. 

EXAMPLES 27 AND 28 

4-[2-((2R)-2-{(lE)-3-[l-(phenyl)cyclopentyl3-3- 
hydroxyprop- 1 -enyl} -5-oxopyrrolidin- 1 -yl)ethyl] 
benzoic acid 



To a solution of methyl 1 -(2-fluorophenyl)cyclopentan- 
ecarboxylic acid (1 0 g, 52.56 mmol) in anhydrous methanol 
was added 1 mL of the concentration of suliuric acid. The 45 
mixture was refluxed for overnight. The mixture was neutral- 
ized to pH 4-5 with sodium carbonate. The solvent was evapo- 
rated. The residue was dissolved in ethyl acetate (50 mL), 
washed with brine (3x 1 0 mL), dried over MgS0 4 . The crude 
product was used for the next reaction without further puri- 50 
fication. 

Intermediate 27.2. Dimethyl 
2-[l-(phenyl)cyclopentyl]-2-oxoethylphosphonate 

55 

To a solution of dimethyl methylphosphonate (4.32 mL, 40 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 27.50 mL, 44 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Intermediate 27.1 (4.09 g, 20 mmol) was added 60 
dropwise for 10 minutes. The mixture was stirred for 2 hours 
at -78° C, gradually was warm to room temperature. The 
mixture was quenched with addition of IN HC1 to pH 4-5. 
The organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (EtOAc/Hexanes 1/}) to give the prod- 
uct (3.43 g) with colorless oil in 58% yield. 1 H NMR (CDC1 3 ) 



To a solution of Intermediate 27.4 in MeOH/THF/H 2 0 
(2/2/2 mL) was added NaOH (1.0 M, 2.91 mL, 2.91 mmol). 
The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0. 1 % TFA to afford example 
27 (150 mg) and example 28 (314 mg) as a white solid. 

EXAMPLE 27 

4-[2-((2R)-2-{(lE,3R>3-[l-(phenyl)cycIopentyl]-3-hy- 
droxyprop- 1 -enyl} -5-oxopyrrolidin- 1 -y 1 jet hyl (benzoic acid 
(the first isomer in RP-HPLC (ACN/ILO 0.1% TFA): l H 
NMR (CD3OD) 6 0.1.56 (m, 2H), L599~(m, 2H), 1.990 (m, 
2H), 2.21 (m, 2H), 2.88 (m, 2H), 3.77 (m, 1 H), 5.23 (dd, J-8.4 
and 1 5.4 Hz, 1 H), 5.44 (dd, J-8.0 and 1 5.0 Hz, 1 H). 7.03 (d, 
J-8.0 Hz, 2H), 7.30 (m, 5H), 7.95 (d, J-8.0, 2H). MS (m/z) 
434.3 (M+H + ). 

EXAMPLE 28 

4-[2-((2R)-2-{(l E,3s)-3-[l -(phenyl)cyclopenlyl]-3-hy- 
droxyprop-1 -enyl } -5-oxopyrrolidin- 1 -yl)ethyl] benzoic acid 
65 (the first isomer in RP-HPLC (ACN/H 2 0 0.1% TFA): >H 
NMR (CD,OD) 6 0.1 .56 (ra. 2H), 1.599 (m, 2H), 1 .990 (m, 
2H),2.21 (m, 2^0,2.88^,210,3.77^. lH),5.23(dd. J-8.4 
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and 1 5.4 Hz. 1 H). 5.44 (dd, .1-8.0 and ! 5.0 Hz, 1 H), 7.03 (d, 
J-8.0 Hz, 2H), 7.30 (m. 5H). 7.95 (d, J=8.0. 2H), MS (m/z) 
434.3 (M+H*). 

EXAMPLE 29 

4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-6-mcihoxyhex-J- 
enyIl-5-oxo pyrroIidin-l-yl}ethyl)benzoic acid 



,C0 2 H 




HO 



The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0.1% TFA to afford the 
desired product ( 1 50 mg) as a white solid. 1 HNMR (CD 3 OD, 
ppm) o 1.75 (m, 2H), 2.15 (m, 2H), 2.33 (m, 2H). 2.62 (t. 
J-7.0 Hz, 2H), 2.90 (m, 2H), 3.07 (ra, 1 H), 3.30 (s. 3H), 3.38 
(t, J^6.2 Hz, 2H), 3.86 (m, 2H), 4.80 (m. 1 H). 6.07 (d, J=i5.3 
Hz, 1H), 6.47 (dd, J=8. 1 and 15.3 Hz, 1H), 7.25 (d, J-6.6 Hz, 
2H), 7.97 (d, J=6.6 Hz, 2H). 

EXAMPLE 30 

4(2-{(2R)-2-[(lE,3S)-3-hydroxy-4-cyclohexyl-but-J- 
enyl]-5-oxo pyrn^lidin-i-yl}ethyl)benzoic acid 



,C0 2 H 



20 



Intermediate 29.1. Methyl 4-(2-{(2R)-2-[(lE)-6- 
methoxy-3-oxohex- 1 -enyl]5-oxopyrrolidin- 1 - 
yl}ethyl)benzoate 

To a solution of dimethyl 5-methoxy-2-oxopentylphos- 
phonate (160 mg, 0.714 mmol). prepared from methyl 
4-methoxybutyrate, dimethyl methylphosphonate and 
n-BuLi, in anhydrous THE (15 mL) at 6° C. was added 60% 
NaH (31 .4 mg. 0.785 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (196 mg, 0.714 
mmol) in THF (5 mL) was added dropwise. '1 "he mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with Ethyl acetate (30 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 4 , The residue 
was purified through flash chromatography on silica gel 
(EtOAc/Hexanes 1/1) to give the product (195 mg) as a col- 
orless oil in 73% yield. 1 H NMR (CDC1 3 ) o 1 .75 (m, 2H). 1 .87 
(t, J-7.0 Hz. 2H), 2.15 (m, 1H), 2.33 (m, 1H), 2.62 (t, J-7.0 
Hz, 2H), 2.90 (m, 2H), 3.07 (m, 1H), 3.30 (s, 3H), 3.38 (t, 
J=6.2 Hz, 2H), 3.86 (m, 2H). 3.90 (s, 3H), 6.07 (d, J-15.3 Hz, 
1 H), 6.47 (dd, >8. 1 and 1 5.3 Hz, 1 H), 7.25 (d J=6.6 Hz, 2H), 
7.97 (d, J-6.6 Hz, 2H). 

Intermediate 29:2. Methyl 4-(2-{(2R)-2-[(lE,3S)-3- 
hydroxy-6-methoxy-hex- 1 -enyl J-5-oxopyrrolidin- 1 - 
yl}ethyl)benzoate 

To a solution of (R)-2-mcthyl-CBS-oxazaborolidine (1.0 
M in toluene, 0.48 mL, 0.48 mmol) in anhydrous THE at 0° C. 
was added Borane-THF complex (1.0 M, 0.48 mL, 0.48 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 29.1 (180 mg, 0.48 mmol) in THF (3 mL) was 
added dropwise. 'Hie mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 ml, of the saturated 
ammonia chloride and was dilute with EtOAc (50 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was used for the next reaction without 
purification. 

EXAMPLE 29 

4(2<{(2R)-2-f(lE,3S)-3-hydroxy-6-methoxyhex-l- 
enyl j-5-oxopyrrolidin-l -yl}ethyl)benzoic acid 

To a solution of Intermediate 29.3 in MeOH/THF/H 2 0 
(2/2/2 mL) was added NaOH (1.0 M, 1.21 mL, 1.21 mmol). 



25 



30 
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Intermediate 30.1. Methyl 4-(2-{(2R)-2-[(lE)-4- 
cyclohexyi-3-oxobutyl-l-L*nyl]-5-oxopyrrolidin-l- 
yl}ethyl)benzoate 



To a solution of dimethyl 3-cyclohexyl-2-oxo-propylphos- 
phonate (225.4 mg, 0.908 mmol), prepared from methyl 
cyclohexylacetate and dimethyl methylphosphonate and 
butyllithium, in anhydrous THE (15 mL) at 0° C. was added 
60% NaH (40 mg, 1 .0 mmol) in mineral oil. The mixture was 
40 stirred for 10 minutes. Intermediate 1.4 (250 mg, 0.908 
mmol) in THF (5 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with Ethyl acetate (30 mL)- The organic layer was 
45 washed with brine (3x5 mL), dried over MgS0 4 , The residue 
was purified through flash chromatography on silica gel 
(EtOAc:Hexanes=l : I ) to give the product (260 mg) as white 
solid in 73% yield. 'HNMR (CDC1 3 , ppm) 6 0.888 (m. 4H). 
1 .26 (m, 4H), 1.66 (m. 6H), 2.22 (m, 1 II), 2.38 (m, 3H). 2.82 
„ (m, 1H), 2.92 (ra, 1H), 3.08 (m. \H\ 3.86 (m. 1H). 3.90 (s. 
3H) 6.06 (d, J-15.7 Hz. 1H), 6.43 (dd, J-8.0 and 15.4 Hz, 
1H), 7.25 (d. J-8.5 Hz, 2H), 7.97 (d, J=8.5 Hz, 2H). 

Intermediate 30.2. Methyl 4-(2-{(2R)-2-f(lE,3S)-3- 
hydroxy-4-cyclohexyI-hut- 1 -enyl]-5-oxopyrrolidio- 
55 l-yl}cthyi)bcnzoatc 

To a solution of (R)-2-methyI-CBS-oxazaborolidine (1.0 
M in toluene, 0.654 mL, 0.654 mmol) in anhydrous THF at 0° 
C. was added Borane-THF complex ( 1 .0 M, 0.654 mL, 0.654 

60 mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 30.1 (260 mg, 0.654 mmol) in THF (3 mL.) was 
added dropwise. ITie mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (50 mL). The 

65 organic layer was washed wiih brine (3x5 mL), dried over 
MgS04. The residue was used for the next reaction without 
purification. 
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4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-4-cyclohexyl-but- 
l-enyIj-5-oxopyrrolidin-1 -yl}ethyl)benzoic acid 

5 

To a solution of Intermediate 30.2 in MeOH/THF/H,0 
(2/2/2 mL) was added NaOH (1.0 M, 1.21 mL, 1.21 mmol). 
The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and HjO/0.1% TFA to afford the 
desired product (79.4 mg)asa white solid. ! HNMR (CD 3 OD. 
ppm) 6 0.888 (m, 4H). 1.26 (m, 4H), 1 .66 (m. 6H), 2.22 (in, 
1H), 2.32 (m s 2H), 2.82 (m, 1H), 2.82 (m, 2H), 3.08 (m, 1H), 
3.77 (m, 1H},4.03 (m, IH), 4.16 (m, 1 H). 5.45 (dd. J-8.8 and 
1 5.4 Hz : 1 H), 5.63 (dd, J-6.3 and 1 5.4 Hz, IH), 7.33 (d, J-8.1 
Hz, 2M), 7.96 (d, J=8. 1 Hz, 2H), MS (m/z): 386.3 (M+H + ). 15 



dilute with I -thy I acetate (15 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 4 , The residue 
was purified through flash chromatography on silica gel 
(EtOAc:Hexanes=l:l) to give the product (120 mg) as a 
colorless oil in 69% yield. l HNMR (COCl 3 . ppm) 6 1.66 (m, 
2H), 2. 12 (m, 2H), 2.34 (m. 2H). 2.83 (m. 2H), 3.75 (s, 2H)[ 
3.80(m, IH), 3.90 (s.3H), 6.06 (d,J»15.8 Hz, 1H), 6.50 (dd, 
J-8. 1 and 15.8 Hz, 1 H), 7.19 (m, 7H), 7.92 (d, >8.4 Hz, 2H\ 
(m/z) 392.4 (M+H*). 

Intermediate 31.3. Methyl 4-(2-{(2R)-2-[(lE,3S)-3- 
hydroxy-4-phenylbut- 1 -enyl]-5-oxopyrroIidin-l - 
yl}elhyl)benzoate 



EXAMPLE 31 

4-[2-{(2R>2-[(lE ; 3S)>3-hydroxy-4-phenylbut-l- 
enyl]-5-oxopyrrolidin-l -yl}ethyI)benzoic acid 



,co 2 H 




15 To a solution of (R)-2-methyl-CBS-oxa?aborolidine (1 .0 
M in toluene. 0.51 mL, 0.51 mmol) in anhydrous THF at 0° C. 
was added Borane-THF complex (1.0 M, 0.51 mL, 0.51 
mmol) dropwise. The mixture was stirred for .15 minutes. 
Intermediate 31.2 (200 mg ? 0.51 mmol) in THF (1 mL) was 
20 added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (15 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgSQ4. The residue was purified through flash chromatog- 
25 raphy on silica gel (EtOAc) to give the product (150 mg) as 
colorless oil in 77% yield. 
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Intermediate 31.1. Dimethyl 
2-oxo-3-phenylpropyIphosphonate 



40 



To a solution of dimethyl methylphosphonate (2.1 6 mL, 20 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 13.75 mL, 22 mmol). The 45 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl phenylacetate (1.40 mL. 10 mmol) was 
added dropwise for 1 0 minutes. The mixture was stirred for 2 
hours at -78° C. T gradually was warm to room temperature. 
The mixture was quenched with addition of IN HC1 to pH 
4-5. The organic layer was separated, washed with brine and 
dried over MgS0 4 . The residue was purified through flash 
chromatography on silica gel (MeOH: CH 2 C1 2 =2:98) to give 
the product (1 .50 g) with colorless oil in 62% yield. 'UN MR 
(CDCl,, ppm) 6 3.074 (d, J-2 J Hz, 2H), 3.760 (s, 3H), 3.762 
(s, 3H), 3.86 (s : 2H), 7.31 (m, 5H). 

Intermediate 31.2. Methyl 4-(2-{(5R)-2-oxo-5-[(lE)- 
3-oxo-4-pheny!but- 1 -enyl ]pyrrolidin-l -yl } ethyl) 
benzoate 

60 

To a solution of Intermediate 3 1.1 (107.3mg, 0.443 mmol) 
in anhydrous THF (10 mL) at 0° C. was added 60% Nai l 
(17.73 mg, 0.443 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (122 mg, 0.443 
mmol) in THF ( 1 mL) was added dropwise. The mixture was 65 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 



50 



55 



EXAMPLE 31 

4-f2-{(2R)-2-[(lE 3 3S)-3-hydroxy-4-phenyIbut-l- 
enyl]-5-oxopyrrolidin-l -yI]ethyl)benzoic acid 

To a solution of Intermediate 31 .3 (1 50 mg, 0.381 mmol) in 
MeOH/THF/H 2 0 (2/2/2 mL) was added NaOH (1 .0 M, 0.95 
mL, 0.95 mmol). The mixture was stirred for overnight. After 
concentration under reduced pressure, the residue was puri- 
fied through RP-HPLC using ACN and H 2 O/0.1% TFA to 
afford the desired product (89 mg) as a white solid. *HNMR 
(CD^OD, ppm) 5 1.60 (m, IH), 2.12 (m, IH), 2.23 (m, 2H), 
2.75 (m, 4H), 2.92 (dd, J=8.2 and 13.5 Hz, IH), 3.54 (m, IH), 
3.88 (m, 1H),4.31 (m, IH), 5.26 (dd,J=7.7 and 14.3 Hz, IH), 
5.58 (dd, J-6.6 and 1 4.3 Hz, 1 H), 7. 1 9 (m, 5H), 7.23 (d, >8.4 
Hz, 2H), 7.95 (d ; J-8.4 Hz, 2H), MS (m/z) 380.6 (M+H*), 
402.2 (M+Na*). 

EXAMPLE 32 

4-(2-{(2R>2-[( 1 E3S)-3-hydroxy^oct-l -en-7-nyylj- 
5-oxopyrroIidin-l -yl}ethyl)benzoic acid 



( C0 2 H 
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Intermediate 32.1 . Dimethyl 
2-oxohept-6-yny]phosphonate 

To a solution of dimethyl methylphosphonatc (2.16 mL, 20 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 5 
added n-BuLi (1.6 M in hexane, 13.75 niL, 22 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl hexynoate (1.26 g, 10 mmol) was added 
drop wise for 1 0 minutes. The mixnire was stirred for 2 hours 
at -78° C, gradually was warm to room temperature. The 10 
mixture was quenched with addition of IN HC1 to pH 4-5. 
'Hie organic layer was separated, washed with brine and dried 
over MgS0 4 . The residue was purified through flash chroma- 
tography on silica gel (MeOH:CH,Cl 2 =2:98) to give the 
product (370 mg) with colorless oil in 17% vield. 1 HNMR 15 
(CDC1 3 , ppm) 6 1 .80 (t. J-7.0 Hz, 2H), 1 .95 (s, 1 H), 2.24 (dt, 
J=2.9 and 7.0 Hz, 2H), 2.73 (t, J-7.0 Hz, 2H), 3.06 (d, J-22.7 
Hz. 2H), 3.77 (s, 311), 3.70 (s, 3H). 

Intermediate 32.2. Methyl 4-(2-{(2R>[(lE)-3- 20 
oxooct-1 -en-7-ynyl]-5-oxopyn-ofidin-I -yl} ethyl) 
benzoate 

To a solution of Intermediate 32.1 (198.1 mg. 0.908 mmol) 
in anhydrous THF (10 mL) at 0° C. was added 60% NaH (43.6 25 
mg, 1.17 mmol) in mineral oil . The mixture was stirred for 1 0 
minutes. Intermediate 1.4 (250 mg, 0.908 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 30 
acetate (15 mL). The organic layer was washed with brine 
(3x5 mL). dried over MgS0 4 . The crude product was used for 
the next reaction without further purification. *HNMR 
(C DCI3, ppm) 6 1 .02 (s, 9H), 1 . 74 (m, 1 H) , 2. 1 5 (m, 1 H), 2.34 
(m, 2H), 2.39 (s, 2H), 2.83 (m IH), 2.92 (m, IH), 3.06 (m, 35 
1H), 6.02 (d, J=15.7 Hz, 1H), 6.40 (dd, J-8.0 and 15.7 Hz, 
IH), 7.24 (d, J-8.1 Hz, 2H), 7.97 (d, >8.1 Hz, 2H). 

Intermediate 32.3. Methyl 4-(2-{(2R>2-f(lE,3S)-3- 

hydroxy-oct-l-en-7-ynyl]-5-oxopyrrolidin-l - 40 
yl}ethyl)benzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene, 0.49 mL, 0.49 mmol) in anhydrous THF at 0° C. 
was added Boranc-THF complex (1.0 M, 0.49 mL, 0.49 45 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 32.2 (180 mg, 0.51 mmol) in THF (1 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (1 5 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was used for the next step without 
purification. 
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(m, lH),3.88(m, 1H), 5.35 (dd,J=8.6 and 15.4 Hz, 1H), 5.57 
(dd, >6.6 and 15.4 Hz, 1H),7.21 (d, J-8.1 Hz, 2H), 7.89 (d, 
J-8.1 Hz, 2H), (m/z): 356.3 (M+H*). 

EXAMPLE 33 

4-f2-{(2R)-2-[(lE,3S)-5 ; 5-dimethyl-3-hytlroxyhex- 
l-enyl]-5-oxo pyrro!idin-l-yl}ethyl)benzoic acid 



C0 2 H 




Intermediate 33.1. Methyl 4-(2-{(2R)-2-[(lE)-5 ; 5- 
dimethyl-3-oxohex-l -enyI]-5-oxopyrrolidin-l - 
yt}ethyl)benzoate 

To a solution of Dimethyl 4,4-dimethyl-2-oxopentylphos- 
phonate (201.8 mg, 0.908 mmol), prepared from ethyl tert- 
butylacetate and dimethyl melhylphosphonate and n- butyl- 
lithium, in anhydrous THF (10 ml.) at 0° C. was added 60% 
NaH (43.6 mg, 1.17 mmol) in rninera! oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (250 mg, 0.908 
mmol) in THF (1 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with Ethyl acetate (15 mL). The organic layer was 
washed with brine (3x5 mL), dried over MgS0 4 . The residue 
was purified through silica gel to afford the compound (220 
mg) in 65% yield. 

Intermediate 33.2. Methyl 4-(2-{(2R)-2-[(lE,3S>5, 
5-dimethyl-3-hydroxyhex- J -enyI]-5-oxopyrrolidin-l - 
yl}ethyI)benzoate 



50 



EXAMPLE 32 

4-f2-{(2R)-2-|(lE,3S)-3-hydroxy-ocNl-en-7-nyyl]~ 
5oxopyrmlidin-l-yl}cthyl)benzoic acid 

To a solution of Intermediate 32.3 in Me0H/THF/H 2 O 
(2/2/2 mL) was added NaOH (1.0 M, 1 .23 mL, 1 .23 mmol). 
The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 2 O/0.1% TFA to afTord the 
desired product (168 mg) as a white solid. *HNMR (CD 3 OD, 
ppm) 6 1 .80 (t. J-7.0 Hz. 2H), 1 .95 (s. I H), 2.24 (dt, >2.9 and 
7.0 Hz, 2H), 2.36 (m, 2H), 3.13 (m, IH), 3.51 (m. IH). 3.70 



To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene, 0.59 mL, 0.59 mmol) in anhydrous THF at 0°C. 
was added Borane-THF complex (1.0 M, 0.59 mL, 0.59 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 33.1 (220 mg, 0.59 mmol) in THE (1 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (15 raL). The 
55 organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was used for the next step without 
purification. 

EXAMPLE 33 

60 

4-[2-{(2R)-2-[(lE s 3S)-5 : 5-dimethyl-3-hydroxyhex- 
1 -cnyl]-5-oxopyrrolidin- 1 -yl}ethyl)bcnzoic acid 

To a solution of Intermediate 33.2 in MeOH/THF/H 2 0 
65 (2/2/2 mL) was added NaOH (1 .0 M, 1 .48 mL ; 1 .48 mmol). 
ITie mixture was stirred for overnight. After concentration 
3undcr reduced pressure, the residue was purified through 
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RP-HPLC using AON and H 2 O/0.1% TEA to afford the 
desired product (155 mg) as a white solid. -HNMR (CD 3 OD, 
ppm) 6 0.975 (s. 9M), 1 .438 (m, 211), 1.73 (m, 1H), 2. 13 (m, 
1H), 2.31 (m. 2H), 2.91 (m, 2H),3.l9(m, 1H). 3.73 (m, 1H), 
3.97 (m, 1 H). 4.2 1 (m, 1 H), 5.48 (dd, J-8.8 and 1 5.4 Hz, IH), 
5.71 (dd. J-6.2 and 15.4 Hz, 1 H), 7.33 (d, J-8.4 Hz. 2H), 7.95 
(d, J--8.4 Hz, 2H), (ni/z): 360.1 (M+H + ). 

EXAMPLE 34 

4-[2-{(2R)-2-[(lE,3S)-5-methyl-3-hydroxyhex-I. 
enyl]-5-oxopyrrolidin-l -yl } ethyl) benzoic acid 



C0 2 H 




Intermediate 34.1. Methyl 4-(2-{(2R)-2-[(lE)-5- 
methyl-3-oxohex-l -enyl]-5<>xopyrroIidin-l - 
yI}ethyl)benzoale 



64 



The mixture was stirred for overnight. After concentration 
under reduced pressure, the residue was purified tlirough 
RP-HPLC using ACN and H 2 O/0.1% TFA to afford the 
desired product (1 55 mg) as a white solid. 'HNMR (CD 3 OD, 
ppm) 60.975 (diJ=3.5 Hz, 6H), 1.300(m. IH), 1.438 (m,2H), 
1.73 (m, IH), 2.13 (m, 1H), 2.31 (m, 2H). 2.91 (m, 2H), 3.19 
(m, IH), 3.73 (m, 1H), 3.97 (m, 1H), 4.21 (m, 1H), 5.48 (dd, 
J-8.8 and 15.4 Hz, IH), 5.71 (dd, J-6.2 and 15.4 Hz, 1H), 
7.33 (d J-8.4 Hz, 2H), 7.95 (d, J-8.4 Hz, 2H), (m/z): 346.1 
(M+H+). 

EXAMPLE 35 

4-[2-{(2R)-2-[(lE ; 3S)-7-chloro-3-hydroxyhept-l- 
enyl]-5-oxopyrroIidiu-l -yl} ethyl) benzoic acid 



,C0 2 H 



25 
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To a solution of Dimethyl 4-methyI-2-oxopentylphospho- 
nate (189 mg, 0.908 mmol), prepared from ethyl isovaierate, 
dimethyl methylphosphonate and n-butyl lithium, in anhy- 
drous THF (10 mL) at 0° C. was added 60% NaH (43.6 mg, 35 
1.17 mmol) in mineral oil. The mixture was stirred for 10 
minutes. Intermediate L4 (250 mg, 0.908 mmol) in THF (I 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 40 
acetate (15 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 . The residue was purified 
through silica gel to afford the compound (240 mg) in 74% 
yield. 

Intermediate 34.2. Methyl 4-(2-{(2R)-2-[(lE,3S)-5- 
methyl-3-hydroxyhex-l -enyl]-5-oxopyrrolidin-l - 
yI}cthyI)benzoate 

To a solution of (R)-2-methyl-CBS-oxazaboroltdine (1.0 
M in toluene, 0.67 mL, 0.67 mmol) in anhydrous THF at 0° C. 
was added Borane-THF complex (1.0 M, 0.67 mL, 0.67 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 34.1 (240 mg, 0.67 mmol) in THF (1 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of i mL of the saturated 
ammonia chloride and was dilute with EtOAc (15 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was used for the next step without 
purification. 

EXAMPLE 34 

4-f2-{(2R)-2-f(lE,3S)-5-methyl-3-liydroxyhex-l- 
enyl|-5-oxopyrrolidin-l-yl}ethyl)benzoic acid 

To a solution of Intermediate 34.2 in MeOH/THF/H 2 0 
(2/2/2 mL) was added NaOH (L0 M, 1 .68 mL, 1 .68 mmol). 



Intermediate 35.1. Dimethyl 
6-chloro-2-oxohexylphosphonale 

To a solution of dimethyl methylphosphonate (2.16 mL, 20 
mmol) in anhydrous THF (30 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hcxanc, 13.75 mL, 22 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl 5-chloropentanoate (W50 g, 10 mmol) was 
added dropwise for 10 minutes. The mixture was stirred for 2 
hours at -78° C, gradually was warm to room temperature. 
The mixture was quenched with addition of J N HQ to pH 
4-5. The organic layer was separated, washed with brine and 
dried over MgS0 4 . The residue was purified through flash 
chromatography on silica gel (MeOH:CH 2 Cl z =2:98) to give 
the product (1 .60 g) with colorless oil in 1 7% yield. 'HNMR 
(CDC1 3 , ppm) 6 1 .76 (m. 6H), 2.67 (t, J-6.6 Hz, 2H), 3.01 (d, 
>2 1 .7 Hz, 2H), 3.35 (t, J-6.2 Hz, 2H), 3.76 (s, 3H), 3.79 (s, 
50 3H). 

Intermediate 35.2. Methyl 4-(2-{(2R)-2-[(lE)-7- 
chIoro-3-oxohcpt-l -enyl]-5-oxopyrroIidin-l - 
yl}ethyI)benzoate 

55 

To a solution of Intermediate 35.1 (291 mg, 1 .2 mmol) in 
anhydrous THF (1 5 mL) at 0° C. was added 60% NaH (52.8 
mg, 1 .32 mmol) in mineral oil. The mixture was stirred for 10 
minutes. Intermediate 1 .4 (330 mg, 1 .2 mmol) in THF (I mL) 
60 was added dropwise. The mixture was stirred for overnight. 
The mixture was quenched with addition of the saturated 
ammonia chloride. The mixture was dilute with Ethyl acetate 
(1 5 mL) . The organic layer was washed with brine (3x5 mL), 
dried over MgS0 4 . The residue was puri fied tlirough si lica gel 
65 to afford the compound (280 mg) in 73% yield. J HNMR 
(CDC1 V ppm) 8 1.78 (br, 6H). 2.12 (m, IH), 2.34 (m, 2H), 
2.54 (m. I H), 2.86 (m, 1H),3.98 (m, IH), 3.54 (t, J=6.2 Hz. 
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211). 3.85 (m. 1 H). 3.90 (s, 31-1). 6.06 (d. .1-15.7 Hz. ] M), 6.45 
(dd. J-8.1 and 15.7 Hz. IH), 7.25 (d, J-8.5 Hz. 2H). 7.97 (d, 
.N8.5Hz.2H). 

Intermediate 35.3. Methyl 4-(2-{(2R)-2-[(lE 3S)-7- 
chloro-3-hydroxyhepl-l -enyl]-5-oxopyrrolidin-l - 
yl}ethyl)benzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene. 0.56 mL, 0.56 mmol) in anhydrous THF at 0° C. 
was added Borane-THF complex (1.0 *M, 0.56 mL, 0.56 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 35.2 (180 mg, 0.46 mmol) in THF (1 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of I mL of the saturated 
ammonia chloride and was dilute with EtOAc (15 mL). The 
organic layer was washed with brine (3x5 ml.), dried over 
MgS04. The residue was used for the next step without 
purification. 

EXAMPLE 35 

4-[2-{(2R)-2-f(lE,3S)-7-chloro-3-hydroxyhept-J. 
enylj-5-oxopyrroIidin- 1 -yl}ethyl)benzoic acid 

To a solution of Intermediate 353 in McOH/THF/H 2 0 
(2/2/2 mL) was added NaOH (1.0 M, 1.14 mL, 1.14 mmol). 
The mixftire was stirred for overnight. After concentration 
under reduced pressure, the residue was purified through 
RP-HPLC using ACN and H 3 O/0.1% TEA to afford the 
desired product (155 mg) as a white solid. 'HNMR (CD 3 OD, 
ppm) 6 1.54 (br, 3M), 1.67 (m, 3H), 2.12 (m, 1H). 2.34 (m, 
2H). 2.92 (m, IH), 3.19 (m, 1H), 3.54 (t, J-6.2 Hz, 2H), 3.72 
(m. 1 H), 4.01 (m, 2H). 5.47 (dd, J=8.8 and 1 5.7 Hz, 1 H), 5.65 
(dd. J=6.2 and 15.7 Hz, IH), 7.25 (d, J-8.4 Hz. 2H), 7.97 (d, 
J=8.4 Hz, 2H), (m/z): 380.1 (M+H+). 

EXAMPLE 36 

4-[2-{(2R)-2-[( 1 E,3S)-3-hydroxy-oct- 1 -enyl]-5-ox- 
opyrrolidin- 1 -yl}ethyl)benzamide 



,CONH 2 



66 

EXAMPLES 37 AND 38 



4-[2-{(2S)-2-[3-(l-butylcyclobuiyl)-3-hydroxypro- 
pylj-5-oxopyrrolidin-l -yl}ethyl)benzoic acid 



,CQ 2 H 





25 



30 



35 



45 



50 



To a solution of methyl 4-[2-{(2R)-2-[(lE)-3-hydroxy-4- 
cyclobutyloct- l-enyIJ-5-oxopyrrolidin-l -yl } ethyl )benzoate 
(0.85 g, 2.1 mmol) in methanol (20 mL) was added Pd/C (20 
mg). The mixture was stirred under H 2 for overnight. The 
mixture was filtered through a pad of Celite. 'Hie Celite was 
washed with methanol. The crude product was dissolved in 
MeOH/THF/H 2 0 (6/6/6 mL) and added NaOH (1 .0 M, 5.25 
mL, 5.25 mmol). The mixture was stirred for overnight. The 
residue was purified through RP-HPLC using ACN and FLO/ 
0. 1 % TFA to afford Example 37 (232.33 mg) and Example~38 
(90 mg) as a white solid. 

EXAMPLE 37 

4-f2-{(2S)-2-f(3S)-3-(l-butylcyclobutyl)-3-hydroxypro- 
pylJ-5-oxo pyrrolidin-l-yl}ethyl)benzoic acid (the first iso- 
mer from RP-HPLC ( ACN/H -,0/TFA): l HNMR (CD 3 OD, 
ppm) 6 0.92 (m, 5H), 1.38 (br, 8H), 1.65 (br, 4H), 1.79 (m, 
2H), 2.00 (m, 2H), 2.31 (m, 2H), 2.89-2.97 (m, 2H), 3.30 (m, 
IH), 3.35 (m, IH), 3.58 (m, IH), 3.80 (m, IH), 7.37 (d, >8.1 
Hz, 2H), 7.96 (d, J-8, 1 Hz, 2H). (m/z): 402.5 (M+H*). 

EXAMPLE 38 

4-[2-{(2S)-2-[(3R)-3-(l-butylcyciobutyl)-3-hydroxypro- 
pylJ-5-oxo pyrrolidin-l-yl}ethyl)benzoic acid (the second 
isomer from RP-HPLC (ACN/H 2 0/TFA): 1 HNMR(CD 3 OD, 
ppm) 6 0.92 (m, 5H), 1.38 (br, 8H), 1.65 (br. 4H), 1.79 (m. 
2H), 2.00 (m, 2H), 2.31 (m, 2H), 2.89-2.97 (m, 2H), 3.30 (m, 
1 H), 3.35 (m. 1 H), 3.58 (m, 1 H), 3.80 (m, 1 H), 7.37 (d, J-8. 1 
Hz, 2H), 7.96 (d, >8,1 Hz, 2H). (m/z): 402.5 (M+H + ). 

EXAMPLE 39 

4-{2-[(2R)-2((lE,3S ; 7R)-3 J 7-dihydroxyoct-l-enyI)- 
5-oxopyrrolidin-l-yl}ethyl}benzoic acid 



To a solution of 4-[2-{(2R)-2-[(lE,3S)-3-hydroxyoct-l- 55 
enyl]-5-oxopyrrolidin-l-yl}ethyl)benzoic acid (71.90 mg, 
0.2 mmol) in DMF (1 mL) was added EDC (57.51 mg, 0.3 
mmol), HOBt (40.54 mg, 0.3 mmol), ammonia chloride 
(2 1 .40 mg, 0.4 mmoL) and DIPEA. The mixture was stirred 
for overnight. After evaporation of the solvent, the residue 
was purified through RP-HPLC using ACN and H ? O/0.1% 
TFA to afford the desired product (70 ma) as a white solid. 
1 HNMR (CD,OD, ppm)6 0.879 (m, 3H), 2.297 (br. 6H). 1 .49 
(in, 2H). 1.75 (m. IH). 2.19 (m, IH), 2.34 (m, 2H), 2.89 (m, 
2H), 3.17 (m, 1H),3.73 (t, J-7.0 Hz, IH), 4.04 (t, >6.2 Hz, 
2H). 5.45 (dd, J-8.8 and 15.1 Hz. IH), 5.66 (dd, J-6.6 and 
15.1 Hz. Ill), 7.30 (d, J-7.7 Hz, 2H), 7.82 (d, J-7.7 Hz, 2H), 
(m/z): 381.4 (+Na*). 



,C0 2 H 
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Intermediate 39. 1 . label (5R)-hydroxyhexanoate 

To a solution of (S)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene.. 20 mL, 20 mmol) in anhydrous THF (50 mL) at 
0° C. was added Borane-THF complex (1.0 M, 20 mL, 20 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Ethyl 5-oxohexanoate (3.20 mL, 20 mmol) in THF (4 mL) 
was added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (50 mL). The 
organic layer was washed with brine (3x15 mL), dried over 
MgS04. The residue was purified through flash chromatog- 
raphy on silica gel (EtOAc7Hexanes=T/4) to give the product 
(1.2 g) as colorless oil. 'HNMR (CD 3 C1, ppm) 6 1.18 (d, 
J-6.3 Hz, 3H), 1 .25 (t, J-6.9 Has, 3H), 1 .48 (m, 2H), 1 .60- 1 .80 
(m, 2H), 2.33 (t, J=7.3 Hz, 2H), 3.78 (m, 1H), 4.1 5 (q, J=6.9 
Hz,2H). 

Intermediate 39.2. Ethel (5 R>5-{[tert-butyl (dim- 
ethyl) si lyl]oxy}hexanoate 

To a solution of Intermediate 39.1 (1.1 g, 6.87 mmol), in 
anhydrous DMF (30 mL), was added TBSC1 (1.55 g, 10.30 
mmol) and imidazole (1 .40 g, 20.6 mmol). The mixture was 
stirred for overnight. After evaporation of DMF under 
reduced pressure, the residue was purified through silica gel 
(EtOAc: Hexanes= 1 :4) to give 1 .6 g of the colorless product in 
85% yield. 'HNMR (CD 3 C1, ppm) 6 0.037 (s, 6H), 0.880 (s, 
9H), 1.12 (d, J-6.2 Hz, 3H). 1 .22 (t, J-7.0 Hz. 3H), 1 .43 (m, 
2H), 1.73 (m, 2H), 2.28 (t, J=7.3 Hz, 2H), 3.78 (tt, J-5.9 and 
6.2 Hz, 1H), 4.15 (q, J-6.9 Hz, 2H), (m/z): 297.5 (M+Na*)- 

Intermediate 39.3. Dimethyl (6 R)- 6- {[tert- butyl (dim- 
ethyls i!yl]oxy } -2-oxoheptyl phosphonate 

To a solution of dimethyl methylphosphonate (1 .26 ml, 
1 1.66 mmol) in anhydrous THF (20 mL), cooled at -78° C. 
was added n-BuLi (1 .6 M in hexane, 8.0 mL, 12.87 mmol). 
The mixture was stirred for 30 minutes at this temperature 
under nitrogen. Ethyl (5R)-5-{[tert-butyl(dimethyl)silyl] 
oxyjhexanoate (1 .60 g, 5.83 mmol) was added dropwise for 
10 minutes. The mixture was stirred for 2 hours at -78° C, 
gradually was warm to room temperature. The mixture was 
quenched with addition of IN HC1 to pH 4-5. The organic 
layer was separated, washed with brine and dried over 
MgS0 4 . The residue was purified through flash chromatog- 
raphy on silica gel (EtOAc: Hexanes^l : 1 ) to give the product 
(1.25 g) with colorless oil in 59% yield. 'HNMR (CD 3 OD, 
ppm) 6 0.013 (s, 6H), 0.874 (s, 9H), 1.07 (d, J=6.2 Hz, 3H), 
1.22 (t, J-7.0 Hz, 3H), 1.43 (m, 211), 1.73 (m. 2H), 2.59 (t, 
J=7.3 Hz, 2H), 3.08 (d, J-22.7 Hz, 2H), 3.74 (s, 3H), 3.77 (s, 
3H). 

Intermediate 39.4. Methyl 4-{2-((2R)-2((iE 5 7R)-7-{ 
[tert-butyl(dimethyl)silyl]oxy}-3-oxooct-l-enyl)-5- 
oxopyrrolidin-1 -yl} ethyl Jbenzoate 

To a solution of intermediate 39.3 (399.5 rug, 1 .09 mmol) 
in anhydrous THF (10 mL) at 0° C. was added 60% NaH (48 
mg, 1 .20 mmol) in mineral oil. The mixture was stirred for 1 0 
minutes. Intermediate 1.4 (300 mg, 1.09 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. 'ITie mixture was dilute with Ethyl 
acetate (15 mL). The organic layer. was washed with brine 
(3x5 mL), dried over MgSO. v The residue was purified 
through silica gel to afford the compound (410 mg) in 75% 
yield. 1 HNMR (CD.C1, ppm) 6 0 015 (s. 6H), 0.853 (s, 9H) S 
1 . 1 1 (d, J-5.8 Hz. 3H), 1 .38 (m. 2H), 1 .50- 1 .80 (m, 4H), 2. 1 2 
(m, H I), 2.40 (m. 2H). 2.50 (t. j-7.3 Hz, 211). 2.84 (m, H I), 



2.89 (m. IH),3.06(m, 1H), 6.02 (d, J=l 5.8 Hz, IH),6.43(dd, 
J-8.1 and 15.8 Hz, 1 H), 7.24 (d,J-8.4 Hz, 2H), 7.94 (d. J-8.4 
Hz, 2H), (m/z): 524.6 (M+Na*). 

5 Intermediate 39.5. Methyl 4-{2-[(2R)-2((lE,3S,7R)- 
7-{[tert-butyI(dimethyl) silyI]oxy}-3-hydroxyoct-l - 
enyl)-5-oxopyrrolidin- 1-y I }ethyl Jbenzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1 .0 
10 M in toluene, 0.4 mL, 0.4 mmol) in anhydrous THF (10 mL) 
at 0° C. was added Borane-THF complex (1.0M, 0.4 mL 3 0.4 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Intermediate 39.4 (200 rag, 0.4 mmol) in THF (1 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
1 5 mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (20 mL)- The 
organic layer was washed with brine (3x5 mL). dried over 
MgS04. 'Hie residue was used for the next reaction without 
purification. 

20 

Intermediate 39.6. Methyl 4-{2-[(2R)-2((lE,3S,7R> 
3,7-dihydroxyoct- 1 -enyl)-5-oxopyrroIidin- 1 - 
yl} ethyl Jbenzoate 

25 To a solution of Intermediate 39.5 in THF (5 mL) was 
added TBAF (1.0 M, 1.0 mL). The mixture was stirred for 
overnight. The Residue was purified through silica gel 
(EtOAc:MeOH=95:5) to give the product (96 mg). (m/z): 
412.2 (M+Na + ). 

30 

EXAMPLE 39 

4-{2-[(2R)-2((lE,3S : 7R)-3,7-dihydroxyocM-enyl> 
5-oxopyrroIidin- l-yl}ethy I } benzoic acid 

35 

Intermediate 39.6 (96 mg, 0.247 mmol) was dissolved in 
MeOH/THF/H 2 0 (1/1/1 mL) arid added NaOH (1 .0 M, 0.62 
mL, 0.62 mmoL). The mixture was stirred for overnight. The 
residue was purified through RP-HPLC using ACN and H^O/ 

40 0. 1 %TFA to afford product (70 mg) as a white solid. 1 HNMR 
(CD 3 OD, ppm) 6 1.11 (d, J=6.2 Hz, 3H), 1.3-1.6 (m, 4H), 
1.67 (m, 2H), 2.12 (m, 1H), 2.34 (m, 2H), 2.84 (m, 1H), 2.89 
(m, 1H), 3.06 (m, 1H), 3.71 (m, 1H), 4.05 (m 2H), 5.48 (dd, 
J=8.8 and 15.4 Hz, 1H), 5.66 (dd, J=6.2 and 15.4 Hz, 

45 7.33 (d, J=8.4 Hz, 2H), 7.96 (d, J-8.4 Hz, 2H), (m/z): 398.5 
(M+Na*). 

EXAMPLE 40 



50 



4-{2-[(2R)-2((lE,3R,7R)-3,7-dihydroxyoct-l-enyI)- 
5-oxopyrrolidin-l -yl} ethyl) benzoic acid 



.C0 2 H 
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Intermediate 40.1. Methyl 4-{2-l(2K) r 2((lE,3R,7R)- 
7-{[tert-buryI(dimeihyi)silyl]oxy}-3-hydiuxyoct-l- 
enyl)-5-oxopyrrolidin- 1 -yl } ethyl } benzoate 

To a solution of (S)-2-methyl-CBS-oxazaborolidinc (1.0 
M in toluene, 0.4 mL, 0.4 mmol) in anhydrous THF (10 mL) 
at 0° C. was added Borane-THF complex (1 .0 M, 0.4 mL, 0.4 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Methyl 4-{2-l(2R)-2((l E,7R)-7-{[tert-butyl(dimethyl)silyI] 
oxy } -3-oxooct- 1 -cny l)-5 -oxopyrrolidin- 1 - 
yl}ethyl}benzoate (200 mg, 0.4 mmol) in THF (1 mL) was 
added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of 1 mL of the saturated 
ammonia chloride and was dilute with EtOAc (20 mL). The 
organic layer was washed with brine (3x5 mL), dried over 
MgS04. The residue was used for the next reaction without 
purification. 

Intermediate 40.2. Methyl 4-{2-[(2-R)-2((lE,3R, 
7R)-3.7-dihydroxvoct- 1 -enyl)- 5 -oxopyrrolidin- 1 - 
yl) ethyl }benzoate 

To a solution of Intermediate 40. 1 in THF (5 mL) was 
added TBFA (1.0 M, 1.0 mL). The mixture was stirred for 
overnight. The Residue was purified through silica gel 
(EtOAc:MeOH-95:5) to give the product (90 mg). (m/z): 
412.4 (M+Na*). 

EXAMPLE 40 

4- { 2-[(2R)-2(( 1 E 5 3R,7R)-3,7-dmydroxyoct- 1 -enyl)- 
5-oxopyrrolidin- 1 -y I Jethyl }benzoic acid 

30 

Intermediate 40.2 (90 mg. 0.231 mmol) was dissolved in 
MeOH/THF/H 2 0 (1/1/1 mL) and added NaOH (1 .0 M, 0.58 
mL, 0.58 mmoL). The mixture was stirred for overnight. The 
residue was purified through RP-HPLC using ACN and H 2 0/ 
0. 1 % TFA to afford product (80 mg) as a white solid. 'HNMR 35 
(CD 3 OD, ppm) 6 1.11 (d, J=6.2 Hz, 3H), 1.3-1.6 (m, 4H), 
1.67 (m, 2H), 2.12 (m, 1H),2.34 (m, 2H), 2.84 (m, 1H), 2.89 
(m, 1H), 3.06 (m, 1H), 3.71 (m, 1H), 4.05 (m 2H), 5.48 (dd, 
J-8.8 and 15.4 Hz, 1H), 5.66 (dd, J-6.2 and 15.4 Hz, 1H), 
7.33 (d, J=8.4 Hz, 2H), 7.96 (d, J-8.4 Hz, 2H), (m/z): 398.5 
(M+Na + ). • 40 

EXAMPLES 41 AND 42 

4-{2-[(2R>2((lE,7S)-3jKlihydroxyoct-l-enyl>5- 

oxo l^yrrolidin- 1-yl} ethyl} benzoic acid 45 



CO2H 



50 



25 



Intermediate 41.1. Ethyl (5S)-hydroxyhexannate 60 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene, 20 mL. 20 mmol) in anhydrous THF (50 mL) at 
0° C. was added Borane-THF complex (.1.0 M, 20 mL, 20 
mmol) dropwise. The mixture was stirred for 15 minutes. 
Ethyl 5-oxohexanoate (3.20 mL, 20 mmol) in THF (4 mL) 65 
was added dropwise. The mixture was stirred for 3 hours. The 
mixture was quenched with addition of I mL of the saturated 



ammonia chloride and was dilute with EtOAc (50 mL). The 
organic layer was washed with brine (3x15 mL), dried over 
MgS04. The residue was purified through Hash chromatog- 
raphy on silica gel (EtOAc/Hexanes= 1 /4) to give the product 
(2.4 a) as colorless oil in 75% yield. 'HNMR (CD,CI. ppm) 
51.18 (d, J-6.3 Hz, 3H), 1 .25 (t. J-6.9 Hz. 311). 1 .48 (m, 2H), 
1.60-1.80 (m, 2H), 2.33 (t, J-7.3 Hz. 2H), 3.78 (m, 1H), 4.15 
(q, J-6.9 Hz, 2H). 

Intermediate 41.2. Etliyl (5S)-5-{[tert-buryl(dimethyl 
s i ly 1 ) o xy } hexa noate 

To a solution of Intermediate 4 LI (1.0 g, 6.24 mmol). in 
anhydrous DMF (30 mL), was added TBSCI (1.41 g, 9.36 
mmol) and imidazole (1.27 g. 18.72 nunol). The mixture was 
stirred for overnight. After evaporation of DMF under 
reduced pressure, the residue was purified through silica gel 
(EtOAc:Hcxanes~l :4) to give 1. 42 g of the colorless product 
in 80% yield. »HNMR (CD 3 Cl ppm) 6 0.037 (s ; 6H), 0.880 
(s, 9H), L12 (d, >6.2 Hz, 3H). 1.22 (t, J-7.0 Hz, 3H). 1.43 
(m, 2H), 1.73 (m, 2H), 2.28 (t, J-7.3 Hz, 2H). 3.78 (n% >-5.9 
and 6.2 Hz. 1H), 4.15 (q, J-6.9 Hz, 2H). 

Intenuediate 41.3. Dimethyl (6S)-6-{[tert-butyl(dim- 
ethyl)sily]]oxy.}-2-oxoheptyl phosphonate 

To a solution of dimethyl methylphosphonate (1.11 ml, 
10.2 mmol) in anhydrous THF (20 mL), cooled at -78°C. was 
added n-BuLi (L6 M in hexane, 7.0 mL, 1 1.22 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Ethyl (5S)-5-{[tert-butyl(dimethyl)silyl) 
oxy jhexanoate (1.40 g. 5.1 mmol) was added dropwise for 10 
minutes. The mixture was stirred for 2 hours at '-78° C, 
gradually was warm to room temperature. The mixture was 
quenched with addition of IN HC1 to pH 4-5. The organic 
layer was separated, washed with brine and dried over 
MgS0 4 . The residue was purified through flash chromatog- 
raphy on silica gel (EtOAc:Hexanes=I : 1 ) to give the product 
(1.60 g) with colorless oil in 85% yield. 'HNMR (CD 3 C1, 
ppm) 6 0.013 (s, 6H), 0.874 (s, 9H). 1.07 (d, >6.2 Hz. 3H), 
1.22 (t, J=7.0 Hz, 3H), 1.43 (m. 2H), 1 .73 (m, 2H), 2.59 (t, 
J-7.3 Hz, 2H), 3.08 (d, J-22.7 rlz, 2H), 3.74 (s, 3H), 3.77 (s, 
3H). . 

Intermediate 41.4. Methyl 4-{2-[(2R)-2((lE,7S)-7- 
{[tert-butyl(dimethyl) silyl]oxy}-3-oxooct-l -enyl)-5- 
oxopyrrolidin- 1 -yl}ethyl}benzoate 

To a solution of intermediate 41.3 (322.83 mg, 0.908 
mmol) in anhydrous THF (10 mL) at 0° C. was added 60% 
NaH (40 mg, 1.0 mmol) in mineral oil. The mixture was 
stirred for 10 minutes. Intermediate 1.4 (250 mg, 0.908 
mmol) in THF (1 mL) was added dropwise. The mixture was 
stirred for overnight. The mixture was quenched with addi- 
tion of the saturated ammonia chloride. The mixture was 
dilute with Ethyl acetate (15 mL). The organic layer was 
washed with brine (3x5 mL). dried over MgS0 4 . The residue 
was purified through silica gel to afford the compound (330 
mg) in 72% yield. 'HNMR (CD 3 CI. ppm) 5 0.015 (s. 6H), 
0.853 (s, 9H), 1 . 1 1 (d. J-5.8 Hz. 3H). 1 .38 (m, 2H), 1 .50- 1 .80 
(m, 4H), 2.12 (m. 1H). 2.40 (m, 2H). 2.50 (t. J=7.3 Hz, 2H), 
2.84(m, 111). 2.89(01, lH),3.06(m, 1H). 6.02(4 J=I5.8Hz, 
1 H), 6.43 (dd. J=8. 1 and 15.8 Hz, ! H), 7.24 (d. J-8.4 Hz, 211), 
7.94 (d, J-8.4 Hz, 2H), (m/z): 524.6 (M+Na*). 

Intermediate 41.5. Methyl 4-{2-[(2R)-2((lE,7S>7- 
{|tert-butyl(dimethyl) silyl|oxy}-3-hydroxyoct-I- 
enyl)-5-oxopyrrolidin- 1 -yljethyljbenzoatc 

To a solution of (S)-2-methyl-CBS-oxazaborolidine (1.0 
M in toluene, 0.66 mL, 0.66 mmol) in anhydrous THF (10 
mL) at 0° C. was added Borane- THF complex (1 .0 M, 0.66 
mL, 0.66 mmol) dropwise. The mixture was stirred for 15 
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minutes. Intermediate 41.4 (2(H) mg ; 0.4 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for 3 hours. 
The mixture was quenched with addition of 1 mL of the 
saturated ammonia chloride and was dilute with EtOAc (20 
mL,). The organic layer was washed with brine (3x5 mL), 
dried over MgS04. The residue was used for the next reaction 
without purification. 

Intermediate 41.6. Methyl 4-{2-[(2R)-2((lE,7S)-3 ? 7- 
dihydroxyoct-1 -enyl)-5-oxopyrrolidin- 1 - 
yl}ethyl}benzoate 



EXAMPLES 41 AND 42 

4-{2-l(2R)-2((lE,7S>3 ! 7-dihydroxyoct-l-enyl)-5- 
oxo pyrrolidin-l-yl}eihyl}benzoic acid 

Intermediate 41.6 (96 mg, 0.247 mmol) was dissolved in 
MeOrmTHF/H 2 0 (1/1/1 mL) and added NaOH (1 .0 M, 0.62 
mL, 0.62 mmoL). The mixture was stirred for overnight. The 
residue was purified through RP-HPLC using ACN and H 2 0/ 
0. 1 % TFA to afford Example 4 1 (1 30 mg) and example 42 (32 
mg) as a white solid. 

EXAMPLE 41 

4-{2-[(2R)-2((l E,3S,7S)-37Kiihyaroxyoct-l -enyl)-5-ox- 
opvrrolidin-l-yl}ethyl} benzoic acid (the first isomer from 
RP-HPLC (ACN/H 2 OZTFA): l HNMR (CD,OD, ppm) 51.11 
(d, J-6.2 Hz. 3H), 1.3-1.6 (m, 4H), 1.67 (m, 2H), 2.12 (m, 
1H), 2.34 (m, 2H), 2.84 (m, 1H), 2.89 (m, 1H), 3.06 (m, 1H), 
3.7 1 (m, 1 H). 4.05 (m 2H). 5.48 (dd, >8.8 and 1 5.4 Hz, 1H), 
5.66 (dd, J=6.2 and 1 5.4 Hz, 1 H), 7.33 (d, >8.4 Hz, 2H), 7.96 
(d, J-8.4 Hz, 2H), (m/z): 375.8(M + ). 

EXAMPLE 42 

4-{2-[(2R)-2((l E,3R,7S)-3,7-dihydroxyoct-l -enyl)-5-ox- 
opvrrolidin-l-yl} ethyl} benzoic acid (the second isomer 
from RP-HPLC (ACN/H 2 OZTFA): 1 HNMR (CD 3 OD v , ppm) 5 
1.13 (d, J-6.2 Hz, 3H), 1.34-1 .63 (m, 5H), 1.69 (m, 2H), 2.17 
(m, 1H). 2.32 (m, 2H). 2.80 (m, 1H), 2.86 (m, 1H), 3.06 (m, 
1 H), 3.68 (m. 2H), 3.71 (m, 1H), 4.05 (m 1 H), 5.41 (dd, J=8.8 
and 15.4 Hz, 1H). 5.59 (dd, >6.2 and 15.4 Hz, 1 H), 7.23 (d, 
J-8.4 Hz, 2H), 7.88 (d, J-8.4 Hz, 2H), (m/z): 398.5(M+Na"). 

EXAMPLE 43 

4-(2-{(2R)-3-(3R)-3-hydroxy-4-methyl-4-phenyI- 
pentyl]-5-oxo pyrrolidin-l-yl}ethyl)benzoic acid 



,C0 2 H 



50 
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Intermediate 43.1. Methyl 4-(2-{(2R)-3-hydroxy-4- 
methyI-4-phenylpentyl]-5-oxopyrrolidin-l-yl}ethyl) 
benzoate 

5 To a solution of methyl. 4-[2-((2R)-2-{(l E)-3-hydroxy-4- 
methyl-4-phenylpent-l-enyl}-5-oxopyrrolidin-l -yl)ethyl| 
benzoate (200 mg, 0.474 mmol) in methanol (20 mL) was 
added Pd/C (20 mg). The mixture was exposure to hydrogen 
(with balloon) for overnight. l*he Pd/C was filtered through a 
layer of Celite. After evaporation of the solvent, the crude 

10 product was used for the next reaction without further puri- 
fication. 



To a solution of Intermediate 41.5 in THF (5 mL) was 
added TBAF (1.0 M, 1.0 mL). The mixture was stirred for 
overnight. ITte Residue was purified through silica gel 
(EtOAc:MeOH-95:5) to give the product (140 mg). (m/z): 15 
412.2 (M+Na*). 



EXAMPLE 43 

4-(2-{(2R)-3-(3R)-hydroxy-4-methyl-4-phenylpen- 
tyl j-5-oxopyrrolidin-l-yl}ethyl)benzoic acid 



Intermediate 43.1 (0.474 mmol) was dissolved in MeOH/ 
THF/H 2 0 (2/2/2 mL) and added NaOH (1 .0 M, 0.1 .20 mL, 
1.20 mnioL). The mixture was stirred for overnight. The 

20 residue was purified through RP-HPLC using ACN and H 2 0/ 
0.1% TFA to afford Example 43 (88 mg) as a white solid. 
l HNMR (CD3OD, ppm) 5 1 .3 1 4 (s, 3H). 1 .340 (s, 2H), 1 .568 
(m, 1H), 1.98 (m. 2H), 2.08 (m, 3H), 2.37 (m, 2H), 2.68 (m, 
2H), 3.55 (m, 1H), 3.73 (m, 1H), 4.24 (m, 1H), 7.16 (d, J-8.0 

25 Hz, 1H), 7.23 (m, 4H), 7.37 (d, J=8.0 Hz, 2H), 7.93 (d, J-8.0 
Hz, 2H), MS (m/z) 410.6 (M+H + ), 432.3 (M+Na v ). 

EXAMPLES 45 AND 46 

30 Synthesis of: 4-(2-{(2R)-2-[(lE)-3-(l-butyIcyclobu- 
tyl)-3-hydroxyprop- 1 -eny l]-5-oxopyrrolidin- 1 - 
yl} ethyl )benzoic acid 



35 




45 



Intermediate 45.1:. 1-butylcyclobutanecarboxylic 
acid 



To a solution of LDA (30 mL, 2.0M, 60 mmol) in THF/ 
heptane/ethylbenzene and aiihydrous THF (30 mL) at 0° C. 
was added cyclobutane carboxylic acid (3.0 g, 30 mmol) 
dropwise. After addition was complete, the cold bath was 
removed, the reaction mixture was stirred at room tempera- 
ture for 2 hr. Neat n-BuI (3.4 1 mL, 30 mmol) was added 
dropwise at room temperature. 'Hie mixture was stirred over 
55 night. To the mixture was added 2N HC1 and the mixture was 
extracted with ethyl acetate. Hie combiued organic phase was 
washed with water and brine to afford the title compound as 
a light yellow oil (quantitative), which was used in the next 
step without purification. 



60 



Intermediate 45.2: methyl 
1 -butylcyclobutanecarboxylate 



To a solution of 1 -buty Icyclobutanccarboxylic acid (4.69 g, 
30 mmol) in dry dichloromethane (70 mL) and dry MeOH ( 1 7 
65 mL) was added trimethylsiyldiazomethane ( 1 6.50, 2.0 M. 33 
mmol) in hexane dropwise under Ar at room temperature. 
TLC showed completion of the reaction (Rf=0.58. 1 : 10 ethyl 
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acetate/hexanes). After concentration, the product (3.07 g. 
60% 2 steps) was obtained by flash column chromatography 
through silica gel (hexanes). 

Intermediate 4 5 .3 : di mcthy 1 s 
2-(l -bulylcyclobutyl)-2-oxoetliylphosphonate 

To a solution of dimethyl methylphosphonate (1 .46 g, 1 1 .8 
mmol) in anhydrous THF (25 ml.) at -78° C. was added 
n-BuLi (7.4 mL, 1.6 M, 11.8 mmol) dropwise under Ar. The 
reaction was stirred for 15 minutes. A solution of methyl 10 
1-butylcyclobutanecarboxylate (1.00 g, 5.87 mmol) in THF 
(5 mL) was added dropwise. The reaction mixture was stirred 
for 30 minutes at -78° C, after which it was allowed to wam 
to room temperature. The reaction was quenched with 5% 
HCL extracted with CH 2 C1 2 (3x30 mL), the combined 15 
organic phase was washed with brine, dried (MgS0 4 ). After 
concentration flash chromatography (silica gel. 1:1 ethylac- 
etate:hexanes), the title compound was obtained as a colorless 
oil. l HNMR (CDC1 3 ) 6 0.85-0.89 (m, 3H), 1.05-1.15 (m ; 
2H), 1.22-1.35 (m. 2H), 1.65-1.95 (m. 6H), 2.35-2.50 (m, 2 o 
2H).3.00(s, 1 HO, 3.06 (s, lH).3.78(s, 3H),3.82 (s, 3H). MS 
(m/z) 285 (M+Na) 

Intermediate 45.4: methyl 4-(2-{(2R)-2-[(lE)-3-(l- 
butylcyclobutyl)-3-oxoprop- 1 -enyl]-5-oxopyrrotidin- 25 
1 -y 1 } ethyl )benzoate 

This intermediate was synthesized using procedure of 
Intermediate 1 .4 from intermediate 1 .3 and intermediate 45.3. 
The crude product was used for next step without purification. ^ 

Intermediate 45.5: methyl 4-(2-{(2R)-2-[(lE)-3-(l- 
butylcyclobutyl)-3-hydroxy~prop- 1 -enyl]-5-oxopyr- 
rolidin-l -yl}ethyl)benzoate 

This intermediate was synthesized using the procedure of 35 
Intermediate 1.5 from intermediate 45.4. MS (m/z) 436 
(M+Na). The crude mixture product was used for next step 
without purification. 

EXAMPLES 45 AND 46 40 

4-(2-{(2R)-2-[(l E)-3-(l -burylcyclobutyl)-3-hydrox- 
yprop- 1 -enyl]-5-oxopyrrolidin- 1 -yl} ethyl )benzoic 
acid 

This intermediate was synthesized using the procedure of 45 
Example 1 and 2 from intermediate 45.5. 

EXAMPLE 45 

4-(2-{(2R)-2-[(l E,3R)-3-( 1 -butylcycIobutyi)-3-hydrox- 50 
ypR>p-l-enyl]-5-oxopyrrolidin-Nyl}ethyi)benzoic acid: 'H 
NMR (CD3OD) 6 0.85-0.95 (m, 3H), 1.18-1.40 (m, 6H), 
1 .45-1 .90 (m. 6H). 1 .98-2.42 (m, 4H). 2.78-2.95 (m, 2H), 
3.05-3.15 (m. 1H). 3.70-3.82 (m, 1H) ; 3.90-4.05 (m, 2H), 
5.50(dd J-8.1, 15Hz. 1H). 5.68(dd. J-6.9. 15Hz. 1H),7.31 55 
(d, J-8.0 Hz. 2H). 7.94 (d. J-8.0 Hz, 211). MS (m/z) 400.1 
(M+H). 

EXAMPLE 46 

4-(2-{(2R)-2-f.(lE ; 3S)o-(l-butylcyclobur>'l)-3-hydrox- 60 
yprop- l-enyl]-5-oxopyrrolidin-l-yl}ethyI)bcnzoic acid: l H 
NMR (CD3OD) 8 0.85-0.95 (m. 3H), 1.18-1.40 (m, 6H), 
1.45-1.90 (m, 6H). 1.98-2.42 (m, 4H), 2.78-2.95 (m, 2H), 
3.05-3.15 (m, IH). 3.70-3.82 (m. 1H). 3.90-4.10 (m. 2H), 
5.47 (ddd, J- LI, 8.8. 15 Hz, 1 H). 5.74 (dd, J-6.2, 1 5 Hz, IH), 65 
7.31 (d. J=8.2 Hz. 211). 7.94 (d, J=8.2 Hz. 2H). MS (m/z) 
400.2 (M+H). 



B2 
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EXAMPLES 47 AND 48 

Synthesis of 4-(2-{(2R)-2-l(lE>3-hydroxy-3-(l- 
propyl cyclobutyl)prop-I -cnylJ-5-oxopyrrolidin-l - 
yl}ethyl)benzoic acid 



o 




The title compound was prepared using the procedure of 
Example 45 and 46 from cyclobutane carboxylic acid and 
n-propy! ioide. 

EXAMPLE 47 

4-(2-{(2R)-2-[(lE3R)-3-hydroxy-3-(l-propylcyclobutyl) 
prop-l-enyl]-5oxopyrrolidin-l-yl}ethyl)benzoic acid: l H 
NMR (CD3OD) 6 0.80-0.95 (m, 3H), 1.28-1.90 (m, 10H), 
1.98-2.42 (m, 4H), 2.78-2.95 (m, 2H), 3.05-3.20 (m, IH), 
3.75-3.85 (m. IH), 3.90-4.05 (m. 2H), 5.50 (dd. J-8.1. 15 
Hz, lH),5.68(dd,J-6.9, 15 Hz, 1H),7.31 (d,J=8.1 Hz,2H), 
7.94 (d, J-8.1 Hz, 2H). MS (m/z) 386.5 (M+H). 

EXAMPLE 48 

4-(2-{(2R)-2T(lE 1 3S^3-hydroxy-3-(l-propylcycIobutyl) 
prop-l-enyl]-5-oxopyrrolidin-l-yl}ethyl)benzoic acid: *H 
NMR (CD3OD) S 0.80-0.95 (m. 3H). 3. 28- 1. 90 (m. 10H), 
l. 98-2.42 (m, 4H), 2.78-2.95 (m, 2H), 3.05-3.20 (m, IH), 
3.75-3.85 (m, IH), 3.90-4.05 (m, 2H), 5.50 (dd J=8.l, 15 
Hz, IH), 5.68 (dd, J-6.9, 1 5 Hz, 1 H), 7.31 (d, J-S.l Hz, 2H), 
7.94 (d, J-8.1 Hz, 2H). MS (m/z) 386.5 (M+H). 

EXAMPLE 49 

Synthesis of 4-(2-{(2R)-2-[(lE : 3R>3-(^enzylcy- 
clobutyl)-3-hydroxyprop- 1 -euyl]-5-oxopyrroJidin-i- 
yl}ethyl)benzoic acid 



O 




The title compound was prepared using the procedure of 
Example 45, and Example 9 from cyclobutane carboxylic 
acid and benzyl bromide. l HNMR (CD 3 OD) 5 1 .35-2.45 (m, 
I0H), 2.60 (d, >14 Hz, IH). 2.78-2.95 (m, 3H), 3.10-3.20 
(m, IH), 3.70-3.80 (m, 1 H),' 3.95-4. 10 (m. 2H), 5.51 (ddd. 
J=l . 1 . 8.8, 1 5 Hz, 1 H). 5.82 (dd. J-6.6. 1 5 Hz, 1 H), 7. 1 5-7.35 
(m, 7H). 7.94 (d, J-8. 1 Hz, 2H). MS (m/z) 434.1 (M+H). 
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EXAMPLES 50 AND 5 1 



76 

EXAMPLE 53 



Synthesis of 4-[2-((2R)-2-{(l E)-3-hydn>xy-3-[ l-(2- 
phenylethyl)cyclobutyl]prop-l-enyl}-5-oxopyrroIi- 
din-l-yl)elhyI3benzoic acid 



Synthesis of 4-(2-{(2R)-2-[(lE3S)-3-hyuroxy-4-(3- 
m ethy Ipheny l)but- 1 -eny 1 ]-5-oxopyrroI idin- 1 - 
yl}ethyl)benzoic acid 





The title compound was prepared using the procedure of 
Example 45 and 46 from cyclobulane carboxylic acid and 20 
(2-bromocthyl)benzene. 

EXAMPLE 50 



4-L2-((2R)-2-{(lE,3R>3-hydroxy-3-ll-(2-phenylethyI) 
cyclobuTyl]prop- 1 -envl}-5-oxopyrroUdm- 1 -yl)ethy I] ben- 
zoic acid: *H NMR (CD 3 OD) 6 1.50-2.50 (m, 12H), 
2.55-2.95 (m, 4H), 3.05-3.20 (m, 1H). 3.75-3.85 (m, IH), 
3.9CM.10 (m, 2H), 5.5O-5.60 (m, IH), 5.70 (dd, J=6.9, 15 
Hz, 1 H), 7.00-730 (m, 7H), 7.90 (d, J=8.4 Hz, 2H). MS (m/z) 
448.2 (M+H). 



EXAMPLE 51 

4-[2-((2R)-2-{(lE,3S)-3-hydroxy-3-[l-(2-phenylethyl) 
cyclobutyljprop- 1 -enyl} -5-oxopyrrolidin- 1 -yl)ethyl] ben- 
zoic acid: l H NMR (CD 3 OD) 6 1.50-2.50 (m, 12H), 
2.55-2.95 (m, 4H) ; 3.05-3.20 (m, IH), 3.75-3.85 (m, HI), 
3.90-^.10 (m, 2H), 5.50-5.60 (m, 1H), 5.78 (dd, J-6.2, 15 
Hz, 1 H), 7.00-7 .40 (m, 7H), 7.91 (d, J =8. 1 Hz, 2H). MS (m/z) 
448.2 (M+H). 

EXAMPLE 52 

Synthesis of 4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-5- 
phenylpent- 1 -enyl]-5-oxopyrroJidin- 1 -yl} ethyl )ben- 
zoic acid 



30 



35 



Example 53 was prepared using the procedure of Example 
9 from ethyl m-tolylacetate. ! H NMR (CD 3 OD) 6 1.55-1.68 
(m, 1 H), 2. 10-2.40 (m, 4H), 2.27 (s, 3H), 2.70-2.90 (m, 3H), 
2.95-3.15 (m, 2H), 3.55-3.65 (m, IH), 3.90-4.00 (m, 1H), 
5.48 (dd, J-8.8, 15 Hz, IH), 5.58-5.76 (m, IH), 7.00-7.16 
(m, 4H), 7.24 (d, J-8.4 Hz, 2H), 7.94 (d, J-8.4 Hz, 2H). MS 
(m/z) 394.4 (M+H). 

EXAMPLE 54 

Synthesis of 4-(2-{(2S)-2-[(3R)-3-hydroxy-4-(3- 
methylpheny l)butylj-5-oxopyrrolidin-l -yl }ethyl) 
benzoic acid 




45 




HO 



50 



55 
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Example 54 was prepared using the procedure of Example 
53 from ethyl m-tolylacetate. 'HNMR (CD 3 OD) 6 1 .20-1 .80 
(m, 5H), 1 .90-2. 10 (m, 1 H), 2. 1 5-2.30 (m, 2H), 2.28 (s, 311), 
2.60-3.00 (m, 4H), 3.15-3.25 (m, IH), 3.545-3.55 (m, IH), 
3.75-3.85 (m. 2H), 6.90-7.16 (m, 4H), 7.32 (d, J=8.1 Hz, 
211), 7.93 (d ; >8.1 Hz, 211). MS (m/z) 396.1 (M+H). 

EXAMPLE 55 

Synthesis of 4-(2-{(2R)-2-[(l E,3S)-3-hydroxy-5- 
phenylpent-1 -enyl]-5-oxopyrR)lidin-l -yl} ethyl ^en- 
zoic acid 



The title compound was prepared using the procedure of 
Example 9 from intermediate 1 .4 and methyl 3 -phenyl propi- 
onate. 'H NMR (CD.OD) 6 1.70-1.85 (m, 2H), 2.15-2.45 
(m. 3H). 2.60-2.95 (m, 4H). 3.10-3.25 (m, IH), 3.65-3.75 
(m, IH), 4.00-4.10 (m, 2H), 5.36-5.50 (m, IH), 5.71 (dd, 65 
J-6.3,15Hz. IH),7.1O~7.36(m,7H),7.90(d.>8.1 Hz, 2H). 
MS (m/z) 394.4 (M+H). 




HO 
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The title compound was prepared using the procedure of 
Example 9 from intermediate 1 .4 and methyl 3 -phenyl propi- 
onate. l H NMR (CD 3 OD) o 170-1.85 (m, 2H). 2.15-2.45 
(m, 3H). 2.60-2.95 (m ? 4H). 3.10-3.25 (m. 1H), 3.65-3.75 
(m, 1H), 4.00-4.10 (m, 2H), 5.36-5.50 (m, 1H), 5.71 (dd, > 
J-6.3. 15 Hz, lH),7.10~7.36(m,7H).7.90(dJ-8.I Hz. 2H). 
MS (m/'z) 394.4 (M+H). 

'EXAMPLES 56 AND 57 

Synthesis of 4-[2-((2R)-2-{(l E)-3-[ 1 -(4-chlorophe- J0 
nyl) cyclopropyl]-3-hydroxyprop-l -enyl}-5-oxopyr- 
rolidin-l-yl)ethyi jben2oic acid 



78 

EXAMPLE 58 



4-(2-{(2R)-2-[(lE,3R>4-(4-chlorophenyl)-3-hydroxy-4. 
methyl pent- l-cnyl]-5-oxopyrroIidin-J -yl}cthyl)benzoic 
acid: l H NMR (CD 3 OD) 51.30(5,311), L32(s.H), 1.50-1.65 
(ra, 1H), 1.95-2.35 (m, 3H), 2.70-3.05 (m s 3H), 3.55-3.70 
(m f 1H) ; 3.75-3.85 (m, 1H), 4.15^.25 (m, 1H), 5.20-5.30 
(m,lH),5.42(dd,>7.0, 15Hz, 1H), 7. 10-7.45 (m, 6H),7.95 
(d, J-8.0 Hz, 2H). MS (m/z) 442.1 (M+H). 

EXAMPLE 59 




4-(2-{(2R)-2-((1E,3SH-(4^chlorophenyl)-3-hydrox>-4- 
15 methylpent-]-enyI]-5-oxopyrrolidin-l -yl} ethyl )benzoic 
acid: 1 H NMR (CD 3 OD) 6 1 .30 (s, 3H), 1 .32 (s. H), 1 .50-1 .65 
(m, 1H), 2.00-2.35 (m, 3H), 2.60-2.85 (ra, 3H) : 3.55-3.60 
(m, 1H), 3.75-3.85 (m, 1H), 4.15-4.25 (m. 1H), 5.20-5.30 
(m,lH),5.42(dd. J-6.3, 15Hz, 1H), 7.10-7.45 (ni,6H), 7.95 
(d, >8.4 Hz, 2H). MS (m/z) 442.1 (M+H). 

EXAMPLES 60 AND 6 J 



20 



Example 56 and 57 were prepared using the procedure of 
Example 45 and 46 from l-(4-chlorophenyl)cycIopropan- 
ecarboxylic acid. 

EXAMPLE 56 

4-[2.((2R)-2-{(lE,3R)-3-[l-(4-chlorophenyl)cyclopro- 
pyl]-3-hydroxyprop- 1 -enyl}-5-oxopyrrolidin- 1 -yl)ethyl] 
benzoic acid: 41 NMR (CD 3 OD) 6 0.70-1.00 (m, 4H), 
1 .55-1 .65 (m, 1H). 2.00-2.40 (m, 3H). 2.50-3.00 (m, 311), 
3.50-3.90 (m, 3H), 5.26-5.38 (m, 1H), 5.55 (dd, J-6.6, 15 
Hz, 1 H), 7.1 0-7.60 (m, 6H), 7.95 (d, J-8.0 Hz, 2H). MS (m/z) 
440.0 M+H). 

EXAMPLE 57 

4-[2-((2R)-2-{(lE,3S)-3-[l-(4K;hlorophexiyl)cyclopro- 
pyl ]-3-hydroxyprop-l -enyl} -5-oxopyrrolidin- 1 -yl)ethyl] 
benzoic acid:' *H NMR (CD 3 OD) 5 0.70-1.00 (ra, 4H), 
1.55-1.65 (m, 1H). 2.00-2.40 (m. 3H). 2.50-3.00 (m, 3H), 
3 . 50-3 .90 (m, 3H), 5 .26 (dd, J-8.7, 1 5 Hz, 1 H ), 5 .63 (dd, J-6, 
15 Hz, 1H), 7.10-7.60 (m, 6H), 7.95 (d, J-8.1 Hz, 2H). MS 
(m/z) 440.0 (M+H). 

EXAMPLES 58 AND 59 

Synthesis of 4-(2-{(2R)-2-f(l EM-(4-chlorophenyl)- 
3-hydroxy-4-methylpent-l -enyl]-5-oxopyrrolidin-l - 
yl}ethyl)benzoic acid 



25 
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Synthesis of 4-(2-{(2R)-2-[(lE)-4-cyclopropy]-3- 
hydroxybut- 1 -enyl J -5-oxopyrrolidin- 1 -yl }ethy l)ben- 
zoic acid 




45 



50 




Example 58 and 59 were prepared using the procedure of 65 
example 45 and 46 from 2-(4-chloropheuyl)-2-methylpro- 
panoic acid. 



Example 60 and 61 were prepared using the procedure of 
Example 45 and 46 starting from cyclopropyl acetic acid. 

EXAMPLE 60 

4-(2-{(2R)-2-[(l E,3S)-4-cyclopropyl-3-hydroxybut-l - 
enyll-5-oxo pyrrolidin-l-yl}ethyl)benzoic acid: l H NMR 
(CD3OD) 5 0.05-0.15 (m, 2H), 0.35-0.50 (m, 2H), 
0.70-0.82 (m, 1H), 1.30-1.40 (m, IH), 1.41-1.55 (m, 1H). 
1.65-1.80 (m 1H), 2.10-2.20 (m, 1H), 2.22-2.40 (ra, 2H), 
2.75-2.95 (m, 2H), 3.10-3.20 (m, 1H), 3.65-3.75 (m, 1H), 
3.88-4.00 (m, I H), 4. 1 0-4.20 (m, I H), 5.47 (ddd, J-l . 1 , 8.8, 
15 Hz, 1H), 5.68 (dd, J-6.2, 15 Hz, 1H), 7.21 (d, J=8.4 Hz, 
2H) ? 7.88 (d, J=8.4 Hz, 2H). MS (m/z) 344.0 (M+H). 

EXAMPLE 61 



4-(2-{(2R)-2-|(lE J 3R)-4-cyclopropyl-3-hydroxybut-l- 
60 enylj-5-oxo pyrrolidin-l-y|}ethyl)benzoic acid: *H NMR 
(CD3OD) 6 0.00-0.15 (ra, 2H) t 0.4O-0.55 (m, 2H). 
0.70-0.82 (m, 1H), 1.25-1.40 (m, IH), 1.45-1.60 (m. 1H). 
1.65-1.80 (m lH), 2.10-2.45 (m, 3H), 2.75-2.95 (m, 2H)^ 
3.15-3.25 (in. 1H), 3.65-3.80 (m, 1H), 3.9O-4.05 (m, 1H), 
4.1O-4.20 (m ? 1H), 5.47 (ddd, J— 1.1, 8.7. 15 Hz, 1H), 5.68 
(dd, J-6.2. 15 Hz. 1 H), 7.28 (<L J-8.1 Hz. 2H), 7.91 (d. J-8.1 
Hz. 2H). MS (m/z) 344.1 (M+H). 
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EXAMPLES 62 AND 63 



Synthesis of 4-(2-{(2R)-2-[(lE)-4-cyclopentyl-3- 
hydroxybuM -enyl]-5-oxopyrrolidin- l-yl}ethyl)ben- 



zoic acid 




EXAMPLE 63 

4-(2-{(2R)-2-[(l E,3R)-4-cyclopcntyl-3-hydroxybut-l - 
enyl]-5-oxo pyrrolidin-l-y]}ethyl)benzoic acid: *H NMR 
(CD3OD) 6 1.05-1.20 (m, 2H), 1.40-2.00 (m, 10H), 
2.10-2.45 (m, 3H). 2.75-3.00 (m, 2H), 3.10-3.30 (m, 1H), 
3.65-3.80(m, 1H), 3.95-^.1 5 (m, 2H), 5.40 (ddd, M.l, 8.8, 
15 Hz, 1H) 5 5.70 (dd J=6.6, 15 Hz. 1H), 7.33 (d, J=8.4 Hz, 
2H% 7.94 (d, J=8.4 Hz, 2H). MS (m/z) 372.1 (M+H). 

EXAMPLE 64 

Synthesis of 4-(2-{(2R)-2-[(lE>4-hydroxyoct-l- 
enyl]-5-oxopyrro!idin-l -yl}ethyl)benzoic acid 



35 




Intermediate 64.1: Synthesis of methyl 4-(2-{(2R)-2- 
[(1 E)-4-hydroxyoct- 1 -enyl]-5-oxopyrroIidin- J - 
yl}ethyl)benzoate 



80 



mixture was warmed to room temperature by removing the 
cold bath, and stirred for 1 h. The reaction mixture was 
recooled to -25° C, n-BuLi (0.25 mL, 0.62 mmol) was 
added. Stirred for 20 min, and then intermediate 1 .4 (140 mg, 

5 0.5 mmol) in THF (3 mL) was added. The reaction mixture 
was allowed to warm to room temperature, and stirred over- 
night. Quenched with water (10 mL). Extracted with EtOAc 
(3x25 mL). washed with water (10 mL) and brine (10 mL). 
The organic phase was dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by column 

1 chromatography (40% EtOAc/hexane) and the product as a 
mixture (40 mg, 68%) which was further purified on HPLC; 
l H NMR (CDCI3): 60.89 (t), 1.2-1.5 (m), 1.5-1.7 (m), 2.02- 
2.46 (m), 2.72-2.98 (m), 3.06-3.20 (m), 3.56-3.82 (m). 
3.89 (s), 5.22 (dd, J^IS.4 Hz, J 2 =8.8 Hz). 5.5-5.7 (m), 7.24 

>* (d. J-8.06 Hz, 2H), 7.94 (d, J-8.06 Hz, 2H); 



Example 62 and 63 were prepared using the procedure of 20 
example 45 and 46 starting from cyclopentylacetic acid. 

EXAMPLE 62 

4-(2-{ (2R)-2-[(l E,3S)-4-cyclopentyl-3-hydroxybut- 1 - 
enyl]-5-oxo pyrrolidin-I-yl}ethyl)benzoic acid: l H NMR 
(CD3OD) 5 1.05-1.20 (m, 2H), 1.40-1.90 (m, 10H), 
2.10-2.40 (m, 3H) 5 2.70-2.95 (m, 2H), 3.08-3.15 (m, 1H), 
3.65-3.75 (m, 1H). 3.90-4.00 (m, 1H), 4.05^.10 (m, 1H), 
5 .43 (ddd, > 1 . 1 , 8 .8 , 1 5 Hz, 1 H), 5. 64 (dd, J=6. 6, 1 5 Hz, 1 H). 
7.18 (d, J=8.1 Hz, 2H), 7.87 (d, J-8.1 Hz, 2H). MS (m/z) 
372.1 (M+H). 



EXAMPLE 64 

4-(2-{(2R)-2-[(lE)-4-hydroxyoct-Nenyl]-5oxopyr- 
R)lidin-l-yl}ethyl) benzoic acid 

To a solution of intermediate 63. 1 (10 mg, 0.026 mmol) in 
MeOH (3 mL), water (0.2 mL) was added NaOH (4 mg, 0.1 
mmol). The resulting solution was heated under microwave 
oven for 1 5 min at 80° C. in a sealed tube. Then the reaction 
mixture was concentrated under reduced pressure. The crude 
mixture was purified by RP-HPLC using ACN/H 2 0/TFA, to 
afford the desired compound (2 mg). l H NMR (CDC1 3 ): 5 
0.89 (t, J-7.14 Hz, 3H), 1.18-1.54 (m, 8H), 1.60-1.76 (m, 
1H), 2.06-2.44 (m, 6H), 2.74-2.96 (m. 2H). 3.5-3.7 (m, 2H), 
3.96 (m, 1H), 5.28 (dd, ^=15.2 Hz, J,-9.1 5 Hz, 1H), 5.74 (m, 
1H), 7.32 (d, J=8.4 Hz, 2H), 7.94 (d, J=8.06 Hz, 2H). The 
corresponding sodium salt was prepared by treating with 1.1 
equiv. NaOH in MeOH for 1 h. The solvent was removed, the 
residue was dissolved in water (3 mL) and lyophilized. 

EXAMPLES 65 AND 66 

Synthesis of: 4-[2-((2R)-2-{(lE,3R)-3-[l-(cyclopro- 
pylmethyl) cyclobutylJ-3-hydroxyprop-l -enyl } -5- 
oxopyrrolidin-l-yl)ethyl] benzoic acid 



45 



50 




C0 2 H 



55 



60 



The title compound was synthesized from intermediate 
1.4, cyclobutanecarboxylic acid and (bromomethyl)cyclo- 
propane following the procedure described for examples 45 
and 46. 

EXAMPLE 65 



To a suspension of methyl triphcnylphosphonium bromide 
(220 mg, 0.61 mmol) in dry THF (3 mL) at 0° C. under N 2 4-[2-((2R)-2-{(lE,3R)-3-[l -(cyclopropylmethyljcyclobu- 

atmosphere was added n-BuLi (0.25 mL, 1 .0M in THF, 0.62 rylj-3-hydroxyprop-l -enyi}-5-oxopyrrolidin-l-yl)ethylJ 

mmol). The resulting blood red colored reaction mixture was 65 benzoic acid (first isomer in HPLC: ACN/H 2 0/TFA): l H 

stirred for 20 min. and the 1 ,2-cpoxyhexane (80 mg, 0.8 NMR (CD.,OD) 0 0.01-0.12 (m, 2H), 0.45-0.49 (m, 2H), 

mmol) in THF (3 mL) was added at 0° C. Then the reaction 0.73-0.83 (m, 1 H), 1 .32- 1 .48 (m, 2H), 1 .69-1 .91 (m, 4H), 
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1.99-2.08 (m, 2H), 2.13-2.22 (m, H I), 2.27-2.42 (m, 2H), 
2.74-2.93 (m, 2H), 3.07-3.16 (m, 1H), 3.71-3.S0 (m, 1H), 
3.92-3.99 (m, 1H), 4.12-4.17 (m, IH). 5.46-5.54 (m r IH), 
5.70-5.77 (m, 1 H), 7.20 (d, J=7.7 Hz, 2H), 7.88 (d, J=8.0 Hz, 
2H); MS (m/z) 420 (M+23). 

EXAMPLE 66 

4-[2-((2R)-2-{(lE3S)-3-[l-(cyclopropylmcthyl)cyclobu- 
tyll-3-hydiuxy prop-l-enyl}-5-oxopyrrolidin-l-yl)elhyl] 
benzoic acid (second isomer in HPLC: ACN/H 3 0/TFA): l H 
NMR (CD 3 OD) 6 0.02-0.11 (m, 2H). 0.45-0.49 (m, 2H), 
0.76-0.80 (ra, 1 H) a 132 (dd, J— 14.2, 6.2 Hz, III), 1.47 (dd, 
J -13.9, 6.6 Hz, 1H), 1.68-1.91 (in, 4H), 1.99-2.08 (m, 2H), 

2.10- 2.20 (m, 1H), 2.27-2.42 (m, 211), 2.75-2.93 (m : 2H), 

3.11- 3.20 (m, 1H), 3.70-3.78 (m, IH), 3.90-3.97 (m, 1H), 
4.13-4.16 (m, IH), 5.49 (dd, J-15.4, 8.8 Hz, IH), 5.77 (dd, 
J-15.4, 5.5 Hz, IH), 7.20(d, J-8.4 Hz, 2H), 7.88 (d, J=8.5 Hz, 
211); MS (m/z) 420 (M+23): 

EXAMPLE 67 

Synthesis of: 4-(2-{(2R)-2-[(lE,3S)-3-hydroxypent- 
l-enyl]-5-oxo pyrrolidin-l-yl}etliyl)benzoic acid 




The title compound was synthesized from intermediate 1.4 
and methyl propionate following the procedure described for 
example 9. l H NMR (CD 3 OD) ft 0.93 (t, >7.3 Hz, 3H), 
1.48-1.58 (m, 2H), 1.66-1.75 (m, IH), 2.11-2.20 (m, IH), 
2.26-2.41 (m, 2H), 2.75-2.92 (m, 211), 3.11-3.18 (m, IH), 
3.69-3.76 (m, IH), 3.88-4.00 (m, 2H), 5.41 (dd, J-15.4, 8.8 
Hz, 1H), 5.62 (dd J=15.4, 6.6 Hz, IH), 7.19 (d, J-8.1 Hz, 
2H), 7.87 (d, J=8.1 Hz, 2H); MS (m/z) 31 8 (M+l). 

EXAMPLE 68 

Synthesis of: 4-(2-{(2R>2-[(lE,3S)-3-hydroxyhex- 
l-enyI]-5-oxo pyrrolidin-l-yl}ethyl)benzoic acid 




The title compound was synthesized from intermediate 1 .4 
and methyl butyratc following the procedure described for 



9,999 B2 

82 

example 9. 'H NMR (CD 3 OD) 0 0.94 (t, J=7.3 Hz, 3H) S 
1.3-1.6 (m,4H), 1.67-1.76 (m, IH), 2.12-2.21 (m, 1H),2.26- 
2.41 (m,2H), 2.76-2.94 (m, 2), 3.12-3.19 (m, 1H), 3.68-3.76 
(m, IH), 3.93-4.08 (m. 2H), 5.42 (dd, J=15.4. 8.8 Hz, IH), 
5 5.64(dd I J«15.3,6.6Hz, IH), 7.26 (d,J-7.6 Hz, 2H), 7.91 (d, 
J-7.7 Hz, 2H); MS (m/z) 354 (M+23). 

EXAMPLE 69 

10 Synthesis of: 4-(2-{(5R)-2-oxo-5-f(lE,3S)-6,6,6- 
trinuoro-3-hydroxyhex-l-enyl]pyrrolidin-l-yl}ethyl) 
benzoic acid 

15 



20 



25 




The title compound was synthesized from intermediate 1 .4 
and ethyl 4,4,4- trifiuorobutanoatc following the procedure 

30 described for example 9. 1 H NMR (CD 3 OD) 6 1 .63- 1 .81 (m, 
3H), 2.11-2.42 (m, 5H), 2.76-2.93 (m, 2H), 3.12-3.19 (m, 
IH), 3.68-3.75 (m, IH), 3.90-3.95 (m, IH), 4.1 1 (dd, >12.5, 
5.5 Hz. 1H), 5.46 (dd,J=l 5.4, 8.8 Hz, IH), 5.66 (dd, J=15.4, 
5.8 Hz, IH), 7.21 (d, J=8.1 Hz, 2H), 7.89 (d, J-8.1 Hz, 2H); 

' MS(m/z)386(M+l). 

EXAMPLE 70 

40 Synthesis of: 4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-6- 
me%lhept-l-enyl]-5-oxopyrrolidin-l-yl}ethyl)ben- 
zoic acid 



45 




The title compound was synthesized from intermediate 1 .4 
60 and methyl 4-mcthylpentanoate following the procedure 
described for example 9. 1 H NMR (CD 3 OD) 6 0.89 (d, J=6.6 
Hz, 6H), 1 . 15- 1 .34 (m, 2H), 1 .45- 1 .59 (m, 3H), 1 .67-1 .76 (m 3 
IH), 2.12-2.21 (m, IH), 2.26-2.42 (m, 2H), 2.76-2.93 (m, 
2H). 3.11-3.19 (m, IH), 3.69-3.76 (m, IH), 3.92-4.04 (m, 
65 2H), 5.41 (dd, J=15.4. 8.8 Hz, IH), 5.64 (dd, J-15.3, 6.6 Hz, 
I H), 7.22 (d, J-8.4 Hz, 2H), 7.89 (d, J-8. 1 Hz, 2H); MS (m/z) 
382 (M+23). 
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EXAMPLE 71 



84 

EXAMPLE 72 



Synthesis of: 4-(2-{(2R)-2-l(lE J 3S)-6-cyclopropyl- 
3 -hydroxy hex- 1 -enyl]-5-oxopynvlidin- 1 -yl} ethyl) 
benzoic acid 



.C0 2 H 




4-(2-{(2R)-2-[(lE3RV4-(ally]oxy)-3-hydroxybut-l- 
enyl] : 5-oxopyrrolidin-l-yl}ethyl)benzoic acid: This com- 

; pound was synthesized irom intermediate 1 .4 and intermedi- 
ate 71.1 following the procedure described for example 9. 1 H 
NMR (CD 3 OD) 6 1.67-1.77 (m. IH), 2.12-2.21 (m. 1H) 5 

, 2.26-2.42 (m, 2H), 2.76-2.93 (m, 2H). 3.14-3.21 (m. IH), 
3.41-3.43 (m, 2H), 3.66-3.74 (m, 1H) 5 3.92-3.98 (m, IH), 
4.01 (d, J-5.5 Hz, 2H), 4.26 (dd, J=l 1.4, 5.2 Hz. 1H), 5.14 (d, 

:) J-10.3HZ, lH),5.27(d,J=17.6Hz. lH),5.53(dd, J-15.3,8.8 
Hz, 1H), 5.69 (dd, >15.3. 5.8 Hz, 1H), 5.84-5.94 (m, IH), 
• 7.24 (d, >8.5 Hz, 2H), 7.90 (d, J-8.0 Hz, 2H); MS (m/z) 360 
(M+l). 

5 ' EXAMPLE 73 

Synthesis of: 4-(2-{(2R)-2-[(lE,3R)-3-hydroxy-4- 
phenoxybut- 1 -enyl]-5-oxopyrroHdin- 1 -yl } ethyl )ben- 
zoic acid 



The title compound was synthesized following the proce- 20 
dure described for example 9 from intermediate 1.4 and 
methyl 4-cyciopropylbutanoate (obtained by esterification of 
4-cyclopropy Ibutanoic acid using the procedure described for 
intermediate 5.1; for synthesis of 4-cyclopropy Ibutanoic 
acid see./. Med. Chem. 1998, 41, 1 112). 'H NMR (CD,OD) 25 
5 -0.03~0.02 (m, 2H), 0.36-0.40 (m, 2H), 0.60-0.68 (m[ 1 H). 
1.19-1.25 (m, 2H), 1.41-1.59 (m, 4H), 1.67-1.75 (m, IH), 
2.12-2.21 (m, IH), 2.26-2.42 (m, 2H), 2.76-2.93 (m, 2H), . 
3.12-3.19 (m, IH), 3.69-3.76 (m, IH), 3.91-3.96 (m. IH), 
4.02-4.07 (m, IH), 5.41 (dd, J-15.0, 8.8 Hz, IH), 5.63 (dd, 30 
J=15.4,6.6Hz. lH),7.22(d, J-8.5Hz.2H),7.89(d,J=8.1 Hz, 
2H); MS (m/z) 394 (M+23). 

EXAMPLE 72 

Synthesis of: 4-(2-{(2R)-2-[(l E3R)-4-(allyloxy)-3- 
hydroxybut-1 -enyI]-5-oxopyrrolidin- 1 -yl}ethyl)ben- 



CO2H 




zoic acid 




.co 2 H 



45 



The title compound was synthesized from intermediate 1 .4 
and methyl phenoxyacetate following the procedure 
described for example 9. 1 H NMR (CD 3 OD) & 1 .68- 1 .77 (m, 
IH), 2.12-2.21 (m, IH), 2.27-2.41 (m, 2H), 2.72-2.90 (m, 
2H), 3,12-3.22 (m, IH), 3.67-3.75 (m, IH), 3.88-3.97 (m, 
3H), 4.46 (m, IH), 5.58 (dd, J-15.3, 7.7 Hz, IH), 5.74 (dd, 
J=15.4, 5.9 Hz, IH), 6.90-6.94 (m, 3H), 7.15 (d. J=8.4 Hz, 
2H), 7.23-7.28 (m, 2H) 7.84 (d, J-8.4 Hz, 2H); MS (m/z) 396 
(M+l). 

EXAMPLE 74 

Synthesis of 4-(2-{(2R)-2-[(l E)-3-hydroxy-3-methy- 
loct-1 -enyl]-5-oxopyrrolidin-l -yl}emyl)benzoic acid 



CO,H 



Intermediate 72.1 : methyl (allyloxy)acetate 

To a suspension of sodium hydride ( 1 .76 g, 60% in oil, 44 .0 
mmol) in DMF (40 mL) cooled at 0° C. was added dropwisc 
methyl glycolate (3.09 mL, 3.60 g, 40.0 mmol). The mixture 
was warmed to 25° C. stirred for 1 h and cooled down to 0° 
C, before allyl bromide (3.81 mL, 5.32 g, 44.0 mmol) was 
added dropwisc. 'Hie solution was warmed to 25° C, stirred 
for 1 h, poured in a saturated solution of NH 4 C1 (1 00 mL) and 
extracted with ethyl acetate (3x50 mL). The organic phases 
were washed with brine (2x50 mL), dried over sodium sulfate 
and the concentrated. The residue was distilled in vacuo uti- 
lizing a Vigreux column to afford the ester (2.77 g, 53%) as a 
colorless oil (b.p. 54-55° C./2 mmHg). *H NMR (CDC1,) 6 
3.74 (s,3H), 4.06-4.08 (m, 4H), 5.21 (d.J-10.2 Hz, I H), 5.29 
(d, J-17.2 Hz, IH), 5.84-5.94 (m, IH). 




Intermediate 74.1: methyl 4-(2-{(2R)-2-[(lE)-3- 
hydroxy-3-methyloct- 1 -enyl-5-oxopyrrolidin- 1 - 
yl }ethyl)benzoate 

60 To a solution of intermediate 1.5 (0.5 g, 1.34 mmol) in 
toluene (40 mL) was added dropwise a toluene solution of 
trimethyl aluminum ( 1 .34 mL, 2M, 2.69 mmol). The resulting 
clear solution was stirred at RT for 1 h then quenched with 
MeOH (1 mL) and water (2 mL). The mixture was stirred 
vigorously for 30 min. then filtered through celite. The clear 

65 solution was concentrated in vacuo to a fiord the title inter- 
mediate that was used in the next step without further purifi- 
cation. R r 0.5 (EtOAc). 
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EXAMPLE 74 



4-(2-{(2R)-2-[(lE>3-hydroxy-3-methyIoct-l-enylJ- 
5-oxopyrrolidin-l-yl} ethyl) benzoic acid 

To a solution of intermediate 73.1 (0.5 g, 1.3 mmol) in 
water (2 mL), MeOH (6 mL). and THF (6 niL) was added 
NaOH (0.26 g, 6.4 mmol). The resulting solution was stirred 
at RT for 5 h then was concentrated under reduced pressure. 
The crude mixture was purified by RP-HPLC using ACN/ 
H^O 0. 1 % TFA to afford the desired compounds as an insepa- 
rable mixture of diastere isomers. MS (m/z) 374.5 (M+l). 

EXAMPLES 75 AND 76 

Synthesis of 4-(2-{(2R)-2-[(l E)-3-hydroxy-5-meth- 
oxypent- 1 -enyl] -5 -oxopyrrolidin- 1 -yl }ethy I)benzoic 
acid 




20 



Ine title compounds were obtained as described for 
example 14 and 15 starting from intermediate 1 .4, methyl-3- 
methoxypropionate, and dimethyl methylphosphonate. 

EXAMPLE 75 

(first isomer in RP-HPLC; ACN/H20 0.1% TFA): 
'H-NMR (CD 3 OD) 6 L60-1 .85-(m, 3H), 2.08-2.20 (m, 1H), 
2.26-2.42 (m, 2H), 2.80-2.93 (m, 2H), 3.10-3.21 (m, IH), 
3.42-3.55 (m, 2H), 3.65-3.75 (m, 1H), 3.90-4.00 (m : 1H), 
4.15-4.22 (m, lH),5.37(dd, lH),5.54(dd, 1 H), 7.28 (d, 2H), 
7.80 (d, 211); MS (m/z) 348 (M+l). 

EXAMPLE 76 

(second isomer in RP-HPLC; ACN/H20 0.1% TEA): 
1 H-NMR (CD 3 OD>5 1.60-1.85 (in, 3H), 2.05-2.20 (m, IH), 
2.22-2.42 (m/2H), 2.80-2.93 (m, 2H), 3.16-3.27 (m : IH), 
3.42-3.58 (m, 2H), 3.60-3.75 (m, IH), 3.88-3.97 (m, IH), 
4.15-4.22 (m, lH),5.33(dd, lH),5.57(dd, 1H),7.28 (d, 2H), 
7.82 (d, 2H); MS (m/z) 348 (M+l). 

EXAMPLE 77 

Synthesis of 4-(2-{(2R)-2-[(l E,3S)-3 -hydroxy hepta- 
1 ,6-dienylJ-5-oxopyrrolidin-l-yl}ethyl)benzoic acid 



C0 2 H 




60 



The title compound was obtained as described for example 
9 starting from intermediate 1.4, ethyt-4-pentenoate, and 
dimethyl methylphosphonate. 1 H-NMR (CD 3 OD) 6 1.50- 
1.80 (3H), 2.10-2.21 (in, 3H), 2.22-2.43 (m, 2H), 2.73-2.97 
(m.2H).3.10-3.20(m, 1 H), 3.65-3.80 (m, IH), 3.88-3.98 (m, 
IH), 4.05-4.12 (m, IH), 4.90-5.08 (m, 2H), 5.38-5.48 (dd, 



86 



1 H), 5.60-5.70(dd, 1 H), 5.79-5.92 (m, 1 H), 7.19 (d ; 21 1), 7.87 
(d. 2H); MS (m/z) 344 (M+l). 

EXAMPLE 78 

Synthesis of 4-(2-{(2R)-2-[(l E)-3-hydroxy-5-mor- 
pholin-4-ylpent- 1 -enyl J- 5 -oxopyrrolidin- 1 -yl } ethyl) 
benzoic acid 



COjH 




The title compound was obtained as described for example 
14 and 15 as a mixmre of dia stereoisomers starting from 
intermediate 1.4, ethyl 3-(4-morpholino)propionatc, and 
dimethyl methylphosphonate. 'H-NMR (D20) 5 1.64-1.78 
(m. IH), 1.82 -2.00 (m.2H), 2. 10-2.20 (m, IH), 2.25-2.45 (m, 
2H), 2.85-2.95 (m, 2H), 3.05-3.35 (m, 5H) 5 3.42-3.52 (m, 
2H), 3.65-3.85 (m, 3H), 3.95-4.15 (m, 3H), 4.20-4.30 (m, 
IH), 5.40-5.52 (m, IH), 5.58-5.70 (m, 1H) S 7.35 (d, 2H), 7.94 
(d, 2H); MS (m/z) 403 (M+l). 

EXAMPLE 79 

4-{2-[(2R)-2((lE,3R)-5-cyclopentyl-3-hydroxypen- 
tyl-l-enyl)-5-oxopyrrolidin-l-yl}ethyl}benzoic acid 



.35 



,C0 2 H 



45 



50 




Intermediate 79.1. Dimethyl 
4-cycIopentyl-2-oxobutylphosphonate 



To a solution of dimethyl methylphosphonate (2.17 ml, 20 
mmol) in anhydrous THF (20 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 13.7 mL, 22 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
55 nitrogen. Methyl 3-cyclopentylpropanoate (1.56 g. 10 
mmol), prepared from 3-cyclopentylpropionic acid (Aldrich) 
and methanol at the presence of the catalytic amount of the 
concentrated sulfuric acid (the procedure described in Inter- 
mediate 17.1), was added dropwise for 10 minutes. The mix- 
ture was stirred (or 2 hours at -78° C, gradually was warm to 
room temperature. The mixture was quenched with addition 
of IN HC1 to pH 4-5. The organic layer was separated, 
washed with brine and dried over MgS0 4 . The residue was 
purified through flash chromatography on silica gel (EtOAc: 
Hexanes^l : 1 ) to give the product ( 1 .80 g) with colorless oil in 
65 82% vield. 1 HNMR (CD,OD f ppm) 6 1 .03 (ra, 2H), 1.51 (m, 
IH). 1.61 (m.6H). L73("m,2H). 2.63 (1, J=7.4 Hz, 2H), 3.09 
(d, J-22.7 Hz. 2H). 3.76 (s, 3H), 3.87 (s, 3H) 
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Intermediate 79.2. Methyl 4-{2-{(2R)-2[(l E)-5-cy- 
clopenty l-3-oxopenty- 1 -enyl|-5-oxopyrrolidin- 1 - 
yl}cthyl)benzoate 

To a solution of intermediate 79.1 (200 mg, 0.908 mmol) in 
anhydrous THF (10 mL) at 0° C. was added 60% NaH (43.6 
mg, 1 .09 mmol) in mineral oil. The mixture was stirred for 10 
minutes. Intermediate 1.4 (250 mg, 0.908 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the sam- 
ratcd ammonia chloride. The mixture was dilute with Ethyl 
acetate (15 mL). The organic layer was washed with brine 
(3x5 mL), dried over MgS0 4 . The residue was purified 
through silica gel to afford the compound (200 mg) in 55% 
vield. l HNMR (CD 3 C1, ppm) 6 1.07 (m, 2H), 1.49 (m, 1H), 
1 .51 (m, 4H), 1 .72 (m, 4H), 2.06 (m. 1 H), 2.35 (m, 3H), 2.52 
(t. J-7.6 Hz, 2H), 2.87 (m, 2H), 3.05 (m, 1H), 3.89 (m, 1H), 
3.90(s,3H),6.07 (d,J=15.7Hz, 1H), 6.44 (dd, J=8. 1 and 15.7 
Hz, 1H), 7.25 (d, J-8.1 Hz, 2H), 7.95 (d, J-8.J Hz, 211). 

Intermediate 79.3. Methyl 4-{2-{(2R)-2[(lE,3R)-5- 
cyclopentyl-3-hydroxypent- 1 -enyl |-5-ox6 pyrrol idin- 
1 -yl}ethyl)benzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1.0 
M in to toluene, 0.39 mL, 0.39 mmol) in anhydrous THF (10 
mL) at 0° C. was added Borane-THF complex (1 .0 M, 0.39 
mL, 039 mmol) dropwise. The mixture was stirred for 1 5 
minutes. Intermediate 79.2 (140 mg, 035 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for 3 hours. 
The mixture was quenched with addition of 1 mL of the 
saturated ammonia chloride and was dilute with EtOAc (20 
mL). The organic layer was washed with brine (3x5 mL), 
dried over MgS04. The residue was used for the next reaction 
without purification. 

Intermediate 79.4. 4-{2-{(2R>2[(lE,3R)-5-cycIo- 
pentyl-3-hydroxypent-l-enyl]-5-oxo pyrrolidin-1 - 
yl}ethyl)benzoate 

Intermediate 793 (80 mg, 0.20 mmol) was dissolved in 
MeOH/THF/H 2 0 (1/1/1 mL) and added NaOH (1 .0 M, 0.50 
mL, 0.50 mmoL). The mixture was stirred for overnight. The 
residue was purified through RP-HPLC using ACN and H 2 OZ 
0. 1 % TFA to afford product (52 mg) as a white solid. 1 HNMR 
(CD3OD, ppm) 6 1.08 (m, 2H), 130-1.49 (m, 2H), 1.53 (m, 
4H), 1.76 (m. 4H), 2.06 (m, 1H), 235 (m, 2H), 2.89 (m, 1H), 
2.87 (m, lH),3.15(m, 1H),3.71 (m, 1H),3.91 (m, 1H),4.03 
(m, 1 H), 5.41 (dd, >8.8 and 1 5.4 Hz, 1 H), 5.62 (dd, J=6.6 and 
15.4 Hz, 1H), 7.21 (d, J-8.0 Hz, 211), 7.88 (d, J-8.0 Hz, 2H). 
(m/z): 408.4 (M+Na""). 

EXAMPLE 80 

4-{2-l(2R)-2((lE,3R)-3-hydroxy-7-methyloct-I- 
eny l)-5-oxopyrrolidin- 1 -y 1 } ethy I } benzoic acid 

CO : H 
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Intermediate 80.1 . Dimethyl 
6-methyl-2-oxoheptylphosphonate 

To a solution of dimethyl methylphosphonate (2.1 7 ml, 20 

5 mmol) in anhydrous -THF (20 mL), cooled at -78° C. was 
added n-BuLi (1.6 M in hexane, 13.7 mL, 22 mmol). The 
mixture was stirred for 30 minutes at this temperature under 
nitrogen. Methyl 5-methylhexanoate (1.44 g, 10 mmol), pre- 
pared from 5-methylhexanoic acid (from Avocado) and 

10 methanol at the presence of the catalytic amount of the con- 
centrated sulfuric acid (the procedure described in Interme- 
diate 17.1), was added dropwise for 1 0 minutes. The mixture 
was stirred for 2 hours at -78° C, gradually was warm to 
room temperature. The mixture was quenched with addition 

15 of IN HC1 to pH 4-5. The organic layer was separated, 
washed with brine and dried over MgS0 4 . The residue was 
purified through flash chromatography on silica gel (EtOAc: 
Hexanes= 1 : 1 ) to give the product (1 .80 g) with colorless oil in 
76% yield. l HNMR (CD 3 OD, ppm) 6 0.866 (d, J-6.5 Hz, 

20 611), 1.16 (m, 2H), 1.56 (in, 311). 2.58 (t, J-73 Hz, 211), 3.10 
(d, J-22.7 Hz, 2H), 3.70 (s, 3H), 3.79 (s, 3H) 

Intermediate 80.2. Methyl 4-{2-{(2R)-2f(l E)-7 -me- 
thyl -3-oxooct-l -enyl] -5-oxo pyrrol idin-1 -yl} ethyl) 
25 benzoate 

To a solution of intermediate 80.1 (236 mg, 1.0 mmol) in 
anhydrous THF (10 mL) at 0° C. was added 60% NaH (43.6 
mg, 1.1 mmol) in mineral oil. The mixture was stirred for 10 

30 minutes. Intermediate 1.4 (250 mg, 0.908 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for over- 
night. The mixture was quenched with addition of the satu- 
rated ammonia chloride. The mixture was dilute with Ethyl 
acetate (15 mL). The organic layer was washed with brine 

35 (3x5 mL), dried over MgS0 4 . The residue was purified 
through silica gel to afford the compound (110 mg). *HNMR 
(CD3CI, ppm) 60.877 (d, J=6.6 Hz, 6H), 1.18 (m, 3H), 1.56 
(m, 9H), 1.73 (m, 1H), 2.10 (m, 2H), 2.39 (m, 2H), 2.50 (t, 
J-7.4 Hz, 2H), 2.58 (t, J=73 Hz, 2H), 3.87 (m, 1H), 3.90 (s, 

40 3H), 6.09 (d, J=15.8 Hz, 1H), 6.45 (dd, J=8.0 and 15.8 Hz, 
1H), 7.23 (d, >8.1 Hz, 2H), 7.97 (d, J-8.1 Hz, 2H). 

Intermediate 80.3. Methyl 4-{2-{(2R)-2[(l B,3R)-3- 
hydroxy-7-methyloct-l -enyl]-5*oxopyrrolidin-l - 
45 yl}ethyl)benzoate 

To a solution of (R)-2-methyl-CBS-oxazaborolidine (1 .0 
M in to toluene, 0.28 mL, 0.28 mmol) in anhydrous THF (10 
mL) at 0° C. was added Borane-THF complex (1.0 M, 0.28 

50 mL, 0.28 mmol) dropwise. The mixture was stirred for 15 
minutes. Intermediate 80.2 (90 mg, 0.23 mmol) in THF (1 
mL) was added dropwise. The mixture was stirred for 3 hours. 
The mixture was quenched with addition of 1 mL of the 
saturated ammonia chloride and was dilute with EtOAc (10 

55 mL). The organic layer was washed with brine (3x3 mL), 
dried over MgSG4. The residue was used for the next reaction 
without purification. 

Intermediate 80.4. 4-{2-{(2R)-2f(lE,3R>3-hydroxy- 
60 7-methy loct- 1 -enylJ-5-oxopyrroiidin- 1 -yl Jethyl) 
benzoate 

Intermediate 80.3 (80 mg, 0.207 mmol) was dissolved in 
MeOH/THF/H 2 0 (1/1/1 mL) and added NaOH (1 .0 M, 0.50 
65 mL, 0.50 mmoL). The mixture was stirred for overnight. The 
residue was purified through RP-HPLC using ACN and H z O/ 
0. 1 %TFA to afford product (52 mg) as a white solid. 1 HNMR 
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(CD,OD. ppm) o 0.874 (d J=6.6 Hz, 611), 1 .2 1 (m, 2 11), 1 .34 
(tn, 1H), 1.51 (ra, 4H) : 1.73 (m 5 1H), 2.19 (m, 1H), 2.32 (m, 
2H). 2.79 (m, 1H) S 2.86 (m, 1H), 3.14 (m, 1H), 3.73 (m, 1H), 
3.92 (m, I H), 4.03 (m, 1 H), 5.42 (dd, J-8.S and 1 5.8 Hz, 1 H), 
5.60 (dd, J=6.6 and 1 5.8 Hz, 1 H), 7.22 (d, >8.5 Hz, 2H), 7.88 
(d, J-8.5 Hz, 2H). (m/z): 374.2 (M+H*). 

EXAMPLE 81 

Prostaglandin EP2 Binding Assay 

Compounds of the invention were tested in an EP2 receptor 
binding assay of the following protocol. As referred to herein, 
the term an "EP2 receptor binding assay" designates the 
following protocol. 

A mixture containing 20 jig of EP2 receptor membranes, 
0.5 mg of wheat germ agglutinin coated PVT-SPA beads, plus 
or minus a 1,2-substituted 5-pyrrolidinone compound of the 
invention (25 ul per well) or 10 uM of cold PGE2 at 1% 
DMSO and 20 nM 3 H-PGE2 in assay buffer containing 25 
mM MES, 1 0 raM MgCl 2 , 1 mM EDTA, pH 6.0 are incubated 
in Corning 3600 plates on a plate shaker for 2 hrs at room 
temperature. 3 H-PGE2 binding is evaluated by counting the 
plates on the top count using the 3 H SPA dpm2 program. % 
Binding and KJ value for inhibitors are calculated based on 
the one site competition parameter using the Graphpad® 
prism program. EP2 Ki values are set forth in the Table 1 
which follows Example 84 below. 

EXAMPLE 82 

EP2 cAMP Assay 



20 



30 



Compounds of the invention were tested in a total cAMP 
assay as follows. HEK293-EBNA cells transfected with 35 
pCEP4-hEP2 receptors were seeded in 96 well opaque plate 
(Costar #3917) at 4x10* cells per well in 100 |xl of culture 
medium (D-MEM/F12 supplemented with 10% FBS, 2 nM 
L-glutamine, and 250 ug/ml of hygromycin; all from Gibco- 
BRL) and incubated at 37° C After overnight incubation, the 40 
medium was removed from each well and replaced with 45 u.1 
of assay medium consisted of phenol red free D-MEM/F-12, 
0.1% BSA (GibcoBRL) and 0.1 mM3-isobutyl-l -methyl - 
xanthine (Sigma). After 15 minutes of incubation at 37° C, 
16-16-dimethyl PGE-2 or compounds at desired concentra- 45 
tions in 20 u.1 of assay medium were added to cells and further 
incubated at 37° C. for 1 hour. Total cAMP (intra- and extra- 
cellular) was measured by using a cAMP-screen ELISA Sys- 



tem (Tropix, 0CS1OOO). Results (EP2 EC 50 (uM)) are shown 
in Table 1 which follows Example 84 below. 

EXAMPLE 83 

EP4 Binding Assay 

Compounds of the invention were tested in an EP4 receptor 
binding assay of the following protocol. 

A mixture containing 20 ug of EP4 receptor membranes. 
0.5 mg of wheat germ agglutinin coated PVT-SPA beads, plus 
or minus a 1,2-substituted 5-pyrrolidinone compound of the 
invention (25 ul per well) or 10 uM of cold PGE2 at 1% 
DMSO and 20 nM 3 H-PGE2 in assay buffer containing 25 
mM MES, 10mMMgCl 2 , 1 mMED'iA, pH 6.0 are incubated 
in Corning 3600 plates on a plate shaker for 2 hrs at room 
temperature. 3 H-PGE2 binding is evaluated by counting the 
plates on the top count using the 3 H SPA dpm2 program. % 
Binding and fCi value for inhibitors are calculated based on 
the one site competition parameter using the Graphpad® 
prism program. EP4 Ki values are set forth in the Table 1 
which follows Example 84 below. 

EXAMPLE 84 

EP4 cAMP Assay 

Compounds of the invention were tested in a total cAMP 
assay as follows. HEK293-EBNA cells transfected with 
pCEP4-hEP4 receptors were seeded in 96 well opaque plate 
(Costar #3917) at 4x10"* cells per well in 100 ul of culture 
medium (D-MEM/F12 supplemented with 10% FBS, 2 nM 
L-glutamine, and 250 ug/ml of hygromycin: all from Gibco- 
BRL) and incubated at 37° C. After overnight incubation, the 
medium was removed from each well and replaced with 45 ul 
of assay medium consisted of phenol red free D-MEM/F-1 2, 
0.1% BSA (GibcoBRL) and 0.1 mM3-isobutyl-l-methyl- 
xanthine (Sigma). After 15 minutes of incubation at 37° C, 
16-16-dimethyl PGE-2 or compounds at desired concentra- 
tions in 20 ul of assay medium were added to cells and further 
incubated at 37° C. for 1 hour. Total cAMP (intra- and extra- 
cellular) was measured by using a cAMP-screen ELISA Sys- 
tem (Tropix, #CS 1 000). Results (EP4 EC 50 (uM)) are shown 
in the Table 1 immediately below. 

Results of the assays of Examples 81 , 82, 83 and 84 are set 
forth in the following Table 1 wherein the tested compound is 
identified both by the corresponding synthetic Example num- 
ber above as well as structure of the tested compound. 



TABLE 1 



Ex ample 

No. 



Structure 



b-EP2 h-EP4 h-EP2 h-EP4 
Ki (nM) Ki(nM) EC^nM) EC^nM) 




CCSH 



2100 



20 
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TABLE I -continued 



Example h«KP2 h-EP4 h-KP2 h-EP4 

No. Stntcmre Ki (nM) Ki (nM) EC^nM) EC w fflM) 




0.002 



Case 1 :09-cv-00407-RMU Document 1-2 Filed 03/02/2009 Page 53 of 60 



US 7,419,999 B2 



93 



94 



TABLE 1 -continued 



Example 
No. 



Structure 



h-EP2 h-EP4 h-EP2 h-EP4 
Ki(nM) Ki(nM) EC 50 {aM) EC M (nM) 



CCMi N.C. 




4.0 



N.C. - not complete 



Further data obtained from the assays 83 and 84 for com- 
pounds of the invention are listed in Table 2, together with 
reference compounds, sulprostone and butaprost. 35 

TABLE 2 



Example 


h-EP4 


h-EP4 


Number 


Ki(nM) 


EC^oOiM) 


5 


9 


. 0.014 


7 


2 


n.a. 


9 


0.5 


30 


10 


t 


ujx. 


31 


0.05 


0.03 


45 


2 


0.3 


Butaprost 


>10 000 


n-a. 


Sulprostone 


7740 


n.a. 



50 



55 



EXAMPLE 85 
In Vivo Ovulation Assay 

Ovulation triggering activity of compounds of the inven- 
tion are tested in a mature mouse ovulation induction model. 

Mature 1 0-week -old CD-mice are used. Reagents are pre- 
pared as follows: PMSG (pregnant mare serum gonadotropin) 
(Calbiochem, cat #367222) and hCG (Serono) are diluted in 
PBS. PGE2 (Cayman, Ann Arbor Mich.) is dissolved in etna- 60 
no! and diluted with 0. 1 54 M NaHC0 2 Butler (pH 8.0) to f inal 
concentration of cthanol of less than 3 percent A test com- 
pound (based on solubility) is pre-dissolved in ethanol. 
DMSO or other reagents. Test compound is then diluted with 
saline or other diluents such as PBS or NP3S (5% N-methyl- 65 
pyrrolidinone/30% PEG-400/25% PEG-200/20% Propylene 
Glycol in saline). PMSG serves to stimulate follicule growth 



and maturation. Mature folliculcs will ovulate when an ovu- 
lation triggering dose of hCG or an hCG replacement is' 
administered. 

The following test protocol was employed for the test ani- 
mals (typically 5 animals per test group). 
Day 1: Inject 5 IU PMSG in 200 UL PBS (i.p. 15:00 PM) 
Day 2: No administration 

Day 3: Inject an ovulation triggering dose of hCG (i.p.) or 
hCG replacement (PGE2 or compoimd of the invention, 
s.c, i.v. or oral route). 1 5:00 PM 

Day 4: Eighteen hours after injections of ovulation triggers, 
animals were sacrificed by C0 2 asphyxiation and abdomi- 
nal cavities were opened using fine scissors and forceps. 
Uterus, oviducts and ovaries were collected and placed in 
p re-labeled dishes containing phosphate buffered saline 
(PBS). The collected tissues were transferred to the labo- 
ratory and intact oviduct carefully dissected out from 
uterus and ovary under the dissection microscope. The 
dissected oviducts were placed on the glass microscopic 
slide and covered with another slide. Two slides were taped 
on two edges. The numbers of ovulated ova in the oviducts 
were counted using upright microscope with 4x objective 
and recorded. 

For evaluating the oral activity of this compound, two 
experiments were conducted, the first experiment was con- 
ducted with non- fasted animals and the second experiment 
was conducted in 24 h fasted animals (water provided). The 
compounds of the invention, according to their solubility are 
pre-dissolved in ethanol, DMSO or other reagents. The com- 
pounds of the invention are then diluted with saline or other 
diluents such as PBS or NP3S before oral administration. 

A) Compound 1 : 

Compound of example 1 is submitted to different testing in 
the in vivo ovulation induction model as described above in 
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order to assess its ability to trigger ovulation via subcutaneous 
(sc), oral (po) and intravenous (iv) routes of administration. 







Experimental Groups: 


Groups 


N/Group 


Priming 


Treatments 


Group ] 


ii-5 


5TU PMSG 


Control Vehicle 


( iroup 2 


n-5 


5IU PMSG 


HCG(0.12 mg/kg i.p.) 


Group 3 


n = 5 


5IU PMSG 


PGE2 (13.5 mg/kg) 


Group 4 




5IU PMSG 


Test compound* ( 10 rng/kg) 


Group 5 


n-5 


SIU PMSG 


Test compound* (30 mg/kg) 


Group 6 


n - 5 


5IU PMSG 


Test compound* (90 mg/kg) 



The following results were obtained: 

An average of 27.2 ova were obtained with Group 2; 

an average of 19.4 ova were obtained for Group 3; 

an average of 25 ova were obtained for Group 4; 

an average of 22.4 ova were obtained for Group 5; 

and an average of 25.2 ova were obtained for Group 6. 

•The test compound used by s.c. injection with Groups 4, 5 and 6 was 4-(2-{ 

(2R)-2-[(lE)-3-hydroxyoct- 1 -enyI]-5-oxopyrrolidin- l-yl}ethyl)ben7oic acid 

(compound of Example 1 above). 

Compound of example I was found active in the mice 
ovulation induction model via subcutaneous (sc), oral (po) 
and intravenous (iv) routes of administration. 

As described in FIG. 2, the calculated ED^ (dose of drug 
which produces 50% ot its minimum response or effect) for 
compound 1 by s.c. route is 3.9 mg/kg (FIG. 1). The calcu- 
lated ED so for compound 1 in non- fasted animals is 21.97 
mg/kg (FIG. 2). The results with fasted animals were similar 
to the non-fasted experiment and calculated ED 50 is 21.1 
mg/kg. 

B) EP4 Agonists: 

EP4 agonists are selected as described in Examples 83 
and/or 84 on the basis of their ki and/or EC S0 values. 

The compounds of the invention are then tested in the in 
vivo ovulation induction model as described above in order to 
calculated the ED 50 for subcutaneous (s.c.) and oral (po) 
routes of administration. Data for reference compounds (sul- 
prostone and butaprost) that do not fulfill the selection criteria 
for EP4 agonists are also given (Table 3 below). 



X\BLE 3 




Ovulation Induction 




Example 


(ED™, mg/kg) 




number 


s.c. 


p.o. 


1 


3.8 


22 


5 


3 


18 


7 


0.73 


n.a. 


9 


n.a. 


1 


31 


0.32 


1 


45 


n.a. 


1 


Butaprost 


No activity up to 


n.a. 




30 mg/kg 




Sutprostone 


No activity up to 


n.a. 




27 mg/kg 





10 



15 



25 



35 



45 



50 



Oral activity in the in vivo model of ovulation induction is 
evaluated for other compounds of the invention at the single 
dose of 20 mg/kg. Data are shown on FIG. 3. 

Other examples of EP4 selective agonists are the follow- 
ing: 

4-(2-{2-.[4-(3-iodophenyl)-3-hydroxybutyl]-5-oxopyrazoli- 
din- 1 -yl}ethyl)benzoic acid whose Ki value was measured 
as described in Example 83 is 14 nM (Ki on EP2 being 
4450 nM) induces the release of 10x3 ova when adminis- 
tered orally at the single dose of 20 mg/kg in the ovulation 
induction model decribed above. 



442-(2-{3.-hydroxy-4-l3-(lrinuoromethyI)phenyljbutyl}-5- 
oxopyrazolidin-l-yl)ethyl]benzoic acid whose Ki and/or 
EC 50 values were measured as described in Examples 83 
and 84 are respectively 23 nM and 0.2 nM presents an ED S0 
of 5 mg/kg by sc route in the ovulation induction model 
decribed above. 

The results show that EP4 agonists are able to stimulate 
ovulation induction in mature mice in all three routes of 
administration (sc, iv, and po). 

EXAMPLE 86 

In Vivo Inhibition of Guinea Pig 
Broncho-constriction 

Guinea pig pulmonary-cholinergic in vivo model is gener- 
ally used to test the materials for the treatments of asthma in 
human (Fleisch at al. 1985, K. Pharmacol. Exp. Ther. 233: 
148-157). Compounds of the invention are tested in this 
model. 

Groups of 3 Duncan Hartley derived male or female guinea 
pigs weighing 250±50 g are anesthetized with pentobarbital 
sodium (50 mg/kg i.p., plus an additional 15 mg/kg i.p. if 
required) and succinylcholine chloride (2 mg/animal i.p.) is 
subsequently administered to prevent spontaneous respira- 
tion. Body temperature is maintained at 37° to 38° C. 

The trachea is cannulated and the guinea pig is ventilated 
with a Harvard rodent respirator in a closed system. Tracheal 
pressure is recorded through a side-arm of the cannula con- 
nected to a P23ID Statham transducer. Respiratory rate is set 
at 50 strokes/minute with a stroke volume (approximately 1 
mJ/1 00 g) sufficient to produce a baseline tracheal pressure of 
6 cm H 2 0. Mean arterial pressure (BP) is monitored from a 
cannulated carotid artery, and heart-rate (HR) is obtained 
from chest electrodes arranged for lead II. The jugular vein is 
cannulated for i.v. vehicle or drug administration in a volume 
of 1 ml/kg. 

Cholinergic-induced bronchoconstrictor responses, 
reflected as increases in tracheal pressure (cm H 2 0), are elic- 
ited by administration of methacholine hydrochloride (10 
Ug/kg base weight i.v.). In vehicle-treated control animals, 
methacholine-induced bronchoconstriction ranges from 70 to 
90 percent of its own maximum response (about 40 to 65 
percent of maximum possible bronchoconstriction obtained 
by tracheal occlusion). 

Compounds of the invention are also tested via intratra- 
cheal (IT) route of administration. Jn this other experiment, 
compound of the invention, reference compound or vehicle is ' 
administered IT 10 (5 min for experiment 1 and 2) minutes 
before methacholine chloride (10 ug/kg i.v.) induced bron- 
choconstriction. Tracheal pressure (ITP), blood pressure and 
heart rate are measured immediately as indicated in the mate- 
rial and methods sections. 

MED (medium effective dose) is measured. A 50 percent or 
greater (^50%) inhibition of the induced bronchoconstric- 
tion relative to vehicle treated control animals is considered 
significant. 

Compounds of the invention are administered i.v. (10 
mg/kg) 5 minutes before sub ministration of the methacoline 
hydrochloride challenge in 3 guinea pigs. A 50 percent or 
more (=£50) inhibition of the induced bronchoconstriction 
relative to vehicle treated control animals is considered sig- 
nificant. 

Compound of example 1 was injected i.v. to different con- 
centrations from 3 10" 5 mg/kg up to 0.3 mg/kg. Significant 
methacholine-induced bronchoconstriction (>50%) inhibi- 
tions were observed at the doses >3 10~ 3 mg/kg. The calcu- 
lated effective dose (ED J0 ) was about 1.7 ug/kg, while not 
altering neither blood pressure nor heart beat. 
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Compound of example I was tested at 4 doses (0.04, 0.4, 
4.0 and 40 ug/guinea pig (GP)). One dose of reference com- 
pound (salbutamol) (40 ug/GP) and vehicle control were also 
tested. The calculated ED 50 was 0.72 ug/GP or 2.4 ug/kg via 
IT route of administration. BP and HR were measured in the 
experiment. 

Compounds of the invention show an activity in dilation of 
bronchiolar muscles, which resulted in inhibition of metha- 
choline- induced bronchomusclc constriction. 

EXAMPLE 87 

In Vivo Inhibition of LPS-induced TNFa Release in 
Mice 

Prostaglandin E2 is suggested to be an endogenous inhibi- 
tor of inflammation through the EP4 receptor. Therefore EP2 
and/or EP4 agonists are suppoed to have an anti-inflamma- 
tory activity. 

Endotoxins are the lipopolysaccharides (LPS) constituents 
of the outer membrane of Gram negative bacteria Response to 
LPS has been shown to involve the activation of different cell 
populations and to lead to the expression of various inflam- 
matory cytokines that include tumor necrosis factor-alpha 
(TNFa) arid interferon gamma (IFN-y). 

The anti -inflammatory activity of compounds of the inven- 
tion may be assessed after a LPS challenge using the follow- 
ing protocol: 

Eight weeks old C3H/HEN mice (IFFA-CREDO, 
L'arbresle, France) receive an oral treatment with compounds 
of the invention 6 different doses (0.001 , 0.01, 0.1, 1 or 3 and 
10 mg/kg in 0.5% CMC/0.25% tween-20). Six mice are used 
by group. Fifteen minutes later, endotoxins (Ol 1 1 :B4 Sigma, 
0.3 mg/kg) are intraperitoneally injected. Heparinized whole 
blood is collected by decapitation. TNFa level is determined 
in plasma by ELISA (R&D Systems, Abdingdon, UK). 
Control animals receive 0.5% CMC/0.25% tween-20 (10 
ml/kg) as vehicle. Data obtained from experiments arc 
expressed as the mean+SEM and analysed using one-way 
analysis of variance (ANOVA) followed by Dunnett's t-test. 

The activity of the compounds of the invention is expressed 
as a percentage of inhibition ofTNF release and the Inhibitory 
Dose at 50% of the maximum effect (1D50) is calculated in 
mg/kg. Data are presented in Table 4 below: 



TABLE 4 



Example 


Dose 


% of Inhibition ofTNF Release 


n>5o 


number 




Mean ± SEM 


(mg/kg) 


45 


0.001 


87 x 1 


0.0 10 




0.01 


80 x 1 






0.1 


69 ± 2.6 






1 


62 x 2.2 






10 


49 ± 1 




31 


0.01 


92 * 1 


0.003 




0.1 


88 x 1 






1 


78 r 2.6 






3 


61 ±1.2 






to 


47 * 1 





The data show that the compounds of the invention are able 
to inhibit the release of TNF alpha in a LPS-challenge model. 



EXAMPLE 88 

In Vivo Effect on Penile Corpus Cavcrnosum Tissue 
Relaxation 

Penile erection is based on three main physiological 
events: an increase in the arterial blood flow, a relaxation of 
the expansive tissue of the corpora carvernosa abd the corpus 
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spongiosum, and an obstruction of the venous return by 
mechanicak compression of the veins caused by the expan- 
sive tissue. 

PGEl is used in the treatment of erectile dysfunction to 
5 relax smooth muscle and therefore to promote the develop- 
ment of erection. The administration of PGEl is performed 
by local injection into the cavernous tissue of the penis. How- 
even PGEl has a low selectivity for prostanoid receptors and 
lias irritant effects. Selective agonists EP2 and/or EP4 have 
10 been developed for the treatment of erectile dysfunction (WO 
9902164) 

The effect of compounds of the invention on the relaxation 
of penile corpus cavemosal tissue strips may be assayed for 
example in an assay on human or rabbit tissue as described 
15 below: 

Human tissue procurement. Cavemosal tissue is obtained 
from patients undergoing penile prosthesis implantation 
surgery for treatment of erectile dysfunction. In the oper- 
ating room, biopsies of the corpora cavernosa are immedi- 

20 ately placed in chilled (4° C.) physiologic salt solution and 
transported to the laboratory. Tissue strips, measuring 
approximately 3 mmx3 mmxlO mm, are cut and prepared 
for organ bath studies. 

25 Rabbit tissue procurement. Adult male New Zealand White 
5 rabbits (4.5-5.0 kg) are sedated with ketaminc (35 mg/kg) 
and xylazine (5 mg/kg) and euthanized with sodium pen- 
tobarbital (60 mg/kg body weight). Following exsan- 
guination, the penis is excised and cleaned by removing the 

30 corpus spongiosum and urethra Corpus cavemosum tissue 
strips are dissected away from the surrounding tunica 
albuginea and prepared for organ bath studies. 
Preparation of compound stock solutions and dose responses. 
?GE i (Cayman Chemical Co., Ann Arbor, Mich.)is stored 

35 at -20° C. in solid form until the day of use. Stock solutions 
are made by adding 1 ml of 70% DMSO to a vial containing 
1 mg of PGE! . Compounds of the inention are dissolved in 
1 ml of 70% DMSO, divided into 100 ul aliquots and stored 
at -20° C. until use. For dose responses in organ baths, 

40 stock solutions of PGE! and compounds of the invention 
are diluted with 70% DMSO to make the highest concen- 
tration and then serially diluted with 2% DMSO for all 
other doses. In a typical dose response curve, the concen- 
tration of DMSO is checked to remain below 0. 1% in the 25 

45 ml bath and to not exceed 0.5% at the highest dose. 

Organ bath studies. Human or rabbit cavemosal tissue strips 
are mounted onto a fixed support with silk ties and attached 
to a tension transducer (model FT03; Grass-Telefactor, 
Astro-Med, Inc. West Warwick, R.I.) with a rigid metal 

50 wire. After mounting, tissue strips are immersed in 25 ml 
baths of physiologic salt solution (PSS; 1 18.3 mM. NaCl, 
4.7 mM KCL 0.6 mM MgS0 4 , 1 .2 mM KH 2 P0 4 , 2.5 mM 
CaCl,, 25 mM NaHCO>, 0.026 mM CaNa 2 EDTA, 11.1 
mM glucose). The solution is gassed with 95% air/5% C0 2 

55 to attain a pH of 7.4 and the temperature is maintained at 
37° C. All tissue strips are treated with 3 wM indomethacin 
to inhibit endogenous prostanoid production and minimize 
spontaneous contractile activity. The corpus cavemosum 
tissue is stretched incrcmenially and the optimal resting 

60 isometric tension for contraction is determined. After every 
3-4 stretches (1 g tension/stretch), the tissue is contracted 
with 1 \xM phenylephrine. When the amplitude of the phe- 
nylephrinc-induced contraction is within 10% of the pre- 
vious contraction, tliat tension is considered optimal for , 

65 isometric contraction. All tissue strips are extensively 
washed with fresh PSS. Tissue strips are then contracted 
with 1 |iM phenylephrine. After stable tone is achieved, 
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tissue strips are exposed to increasing concentrations of fice, blood samples are collected from each rat, under inha- 
PGB ( or compounds of the invention. lation anesthesia (ether) from the retro-orbital sinus. Fol low- 
Data analysis. At the end of each experiment, all tissue strips ing parameters are measured in urine and serum, 
are treated with 10 uM papaverine and 10 uM nitroprusside M , , 
to induce maximal relaxation (100%). The total amount of 5 Parameter Method 

relaxatorv response over the range of dm* concentrations ^"T 7 ^ypyridmo me is measured by Immuno-assay 

tested is determined by the area under the plotted curves. (Pynlinks-D Quidel ; Mi. V.ew, Calif); Urinary creatinine is 

EC, 0 values are calculated using Prism software (Graph- measured by COBAS chemistry mstrument (Creatinine 

Pad, San Diego, Calif). For final analysis of data, relax- Rc '^ cn \ R ? chc Agnostics, Indianapolis^ Ind ); Serum 

ation parameters are compared using ANOVA.' if the to ^teocaicm is measured by Irnmuno-assay (Rat OSU IRNIA, 

ANOVA p-value is less than 0.05, paired post-test com- Immunologics San Ciementc, Cahi.) 

parisons is carried out using the Tukey-Kramer test. Necropsy: 

Upon completion of dosing and urine/blood collection, 

EXAMPLb 89 animals are euthanized using carbon dioxide asphyxiation. 

, 1W _ . 15 All animals are subjected to the following procedure. Ter- 

In V 1V o MTect on Bone Loss Pmvennon mina , My wejgh(s are ruconied A gross examination is 

.„ . . „ , . , performed and a check for abnormalities is performed. The 

the activity of compounds of the invention as a bone c „ t - t - « , , . , 

, 3 , ^ , , . , . . following investigation are performed, as detailed: 

anabolic agent can be tested for example ma rat ovariectomy ' 

model such as follows. - 20 Bone Mineral Density Scans: 

Virgin female Sprague Dawley rats are randomized into L2-L4 lumbar vertebrae is subjected to DXA (Dual-energy 

treatment groups based on pre-dose body weight measure- X-ray absorptiometry) scan using a PIXImus instrument (Lu- 

meats. The aim iss to achieve approximately the same average nar Corp. Madison, Wis.). Bone mineral content, area and 

body weight for every treatment group. • density are determined from the PDQ scan. Bone mineral 

Surgery ■ 25 d ensitv measurements by DXA are described in Formica et al . 

* Animals are sedated with Ketamine and Xylazine (SOP 1998 ' Osteoporosis international 8 (5), 460-467. 

ST-AEP007). The hair on the dorsal abdominal surface is temur 15 Sll *>j ect to pQCT (peripheral quantitative 

shaved and prepped for aseptic surgery. A single incision is computed tomography) scan using a Stratec XCT RM and 

made along the midline, starting just anterior to the lumbar associated soitware (Stratec Medizintechnik Gmbh, 

region of the spine. The underlying musculature on both sides 30 Pforzheim, Germany. Software version 5 .40 C). The femur is 

of the dorso-lateral region of the abdomen is exposed. An scanned at two sites, 20% of the distal femur and 50% of the 

incision is made through the musculature to gain access to the mid-femur. The position is verified using scout views and 

abdominal cavity scan resm<ts ^ Tom onc 0.5 mm slice perpendicular to the long 

For agroupof animals ("Ovx"), the ovary is located and cut axis of Jemur shaft is recorded. Total bone mineral con- 

at the junction of the uterine hom and removed. The uterus is 3> f eut > total bo " e *»> lotal ^ne mineral density, trabecular 

replacedand the muscles sutured. Repeat on the contra-lateral * onc mmeraI i con ! an > trabecular bone area and trabecular 

J bone mineral density are analyzed from the scan of the distal 

For a control group of animals ("Sham"), the ovaries are fcimJr u For mC midsl f J femur : *° nc mineral 

located and exteriorized, but not removed. The uterus and An totaI ^ total . mmeral ^ily cortical tone 

ovaries are replaced into the abdominal cavity and the 40 mmeral intent cortical bone area, cortical bone mineral 

muscles sutured density, periosteal perimeter and endosteal perimeter are ana- 

The muscle layers are closed with suture and the skin Ijraed- 

incision closed using wound clips. J Bone mineral density measurements by pQCT are 

described in Formica et al. 1998, Osteoporosis International, 

Dosing 45 8 (5), 460-467 and in Tsugeno 2002, Osteoporosis Interna- 

Dosing is commenced one day after the surgery is per- tional 1 3(8), 650-656. 
formed. 1 ne animals receive daily subcutaneous injections 

for 6 weeks following surgery. The doses of 0.1, 1.0, 10.0 Biomechanical Testing of Lumbar Vertebrae and Femurs: 

rag/kg of compounds of the invention are used. A control 15 ^mbar vertebra is isolated from L5-L6 and prepared 

group receives dailv subcutaneous injections of npestradiol 50 for mechanical testing by removing the vertebral arch and 

(Sigma Chemicals) of 30 ug/kg for 6 weeks following sur- pedicle using a low-speed diamond saw. 7 ne cranial and 

gery. Control groups of animal (the "sham" group and an caudal ends of each vertebral body are also removed to pro- 

"Ovx" group) are injected s.c. vehicle (saline). duce a vertebral body specimen with two parallel surfaces and 

a height of approximately 4 mm. Ine width of the vertebral 

Fluorochrome Labels 55 body in the medial- lateral and anterior- posterior directions is 

To enable the performance of dynamic histomorphometry, measured using electronic digital calipers. These values are 

two injections of calccin (10 mg/kg, i.p.) are given 6 and 2 recorded and used in the calculation of cross-sectional area, 

days prior to the necropsy. The height of the vertebral body specimen is also taken with 

Body Weights and Clinical Observations a ? eJe «">™ ™* corded. The specimens are then 

Body weights are recorded weekly, beginning one week 60 ^ beT ^ cn W ,° F latcn f 5* load a ™ ,,cd al , place- 
prior to the commencement of treatment and continuing until ™" X ral f of 6 mm/ ™ n m a " ^ron Mechaii.cal 
d»coiKl«ionor^ 1 c * .Instrument (Instron 4465, retrofitted to 5500). 
observed daily for signs of ill health or reaction to treatment. ^ load displacement are recorded by Instron Instru- 
ment Software (Merlin II. Instron) and the locations for maxi- 
Blood and Urine Biochemistry 65 mum load at failure, stiffness and energy absorbed arc 

An eighteen-hour urine specimen is collected from each selected manually from the load and displacement curve. The 

animal prior to the sacrifice using metabolic cages. At sacri- intrinsic properties, stress, clastic modulus and toughness arc 
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then calculated from maximum load, stiffness, energy 
absorbed, cross-sectional area, and height according to the 
following equations: 

After the pQCT scan, the anterior to posterior diameter at 
the midpoint of the femoral shaft is taken with an electronic 5 
caliper and recorded. Femur is then placed on the lower 
supports of a three point bending fixture with anterior side 
facing downward in an Instron Mechanical Testing Instru- 
ment (Instron 4465, retrofitted to 5500). The span between the 
two lower supports is set at 1 4 mm. The upper loading device 10 
aligned to the center of the femoral shaft. The load is applied 
at a constant displacement rate of 6 mm/min until the femur 
breaks. The locations of maximal load, stiffness and energy 
absorbed are selected manually and values calculated by 
instrument's software (Merlin II, Instron). The intrinsic prop- 
erties, stress, elastic modulus and toughness are calculated 
from maximum load, stiffness, energy absorbed, anterior- 
posterior diameter, and moment of inertia. 

After the three point bending test, a 3-mm segment of the 
distal femoral metaphysis is cut directly proximal to the 
femoral condyle with a low-speed diamond saw. The load is 20 
applied with a cylindrical indenter (with a flat testing face of 
1 .6 mm diameter (d)) to the center of marrow cavity on the 
distal face of the segment. The indenter is allowed to pen- 
etrate the cavity at a constant displacement rate of 6 mm/min 
to a depth of 2 mm before load reversal. The locations of 25 
maximum load, stiffness and energy absorbed is selected 
manually from load displacement curve and then calculated 
by the instrument's software Merlin J J, Instron). Stress is 
calculated by dividing the maximum load by the indenter 
area. 30 

Bone Histology and Dynamic Histomorphometry: 

Dehydration, Embedding and Sectioning 

Formalin- fixed samples of proximal tibia are dehydrated in 
a series of ascending ethanol concentration. Following dehy- 35 
dration, bone samples are infiltrated and embedded in methyl 
methacrylate-bascd plastic. Embedded samples of the proxi- 
mal tibia are sectioned longitudinally using a Leitz motorized 
rotary microtome equipped with a tungsten -carbide micro- 
tome knife. Once the blocks are trimmed, 4 um sections are 
stained with Goldner's trichrome stain for microscopy. The 8 
um sections are left unstained for epi fluorescence micros- 
copy. 

Histomorphometric Determinations 

Static and dynamic histomorphometry of the proximal 45 
tibia is performed. The measurement includes the secondary 
spongiosa (area that is 1.05 from the lowest point of the 
growth plate). 

Bone histomorphometry is performed using an OsteoMea- 
sure software program (Osteo Metrics, Inc. Atlanta, Ga.) 50 
interfaced with a Nikon Eclipse E400 light/epi fluorescent 
microscope and video subsystem. Histomorphometry is read 
in a blinded manner. Total tissue area, trabecular bone area, 
trabecular bone perimeter, and osteoclast perimeter is mea- 
sured on 4 um thick Goldncr's trichrome stained sections. 55 
Percent trabecular bone area, trabecular number, trabecular 
thickness, trabecular separation and osteoclast perimeter as a 
percentage of bone surfaces are then calculated according to 
standardized formulae. For dynamic parameters, single-la- 
beled calcein perimeter, double- labeled calcein perimeter, 
and interlabel width (label thickness) is measured on 8 um 
thick unstained sections, and the mineralizing surface, min- 
eral apposition rate, bone formation rate-surface referent is 
calculated. 
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parison is performed using Dunnett's procedure using 
"Ovx"+vehicle group as reference group. All results are 
expressed as mean+/-SD. 

The invention has been described in detail with reference to 
preferred embodiments thereof. However, it will be appreci- 
ated that those skilled in the art, upon consideration of this 
disclosure, may make modifications and improvements 
within the spirit and scope of the invention. 
The invention claimed is: 
1. A compound of the following Formula 1: 




wherein 

A is hydrogen or hydroxy; 

B is selected from optionally substituted carbocyclic aryl 
and optionally substituted heteroalicyclic having from 3 
to 8 ring atoms and at least I N, O or S ring atom or a 
heteroaromatic group having a single ring with 5 or 6 
ring atoms and at least one N, O or S ring atom; 

U is {CH 2 ) p wherein p is selected from 0, 1 and 2; 

V and Q are each independently hydrogen, optionally sub- 
stituted alkenyl, optionally substituted alkynyl, and 
—CR l R 2 — wherein R 1 and R 2 are C , -C 6 alkyl; or R l 
and R 2 can form an C 3 -C 6 cycloalkyl with the carbon 
they are attached to; 

W is selected from hydrogen, C,-C 6 alkyl, C 3 -C 6 
cycloalkyl, C 5 ~C 6 cycloalkyl C r C 6 alkyl, aryl and het- 
eroaryl; with at least one of V and Q being other than 
hydrogen; and pharrnaceutically acceptable salts 
thereof. 

2. A compound of claim 1 wherein A is hydrogen. 

3. A compound of claim 1 wherein B is optionally substi- 
tuted carbocyclic aryl. 

4. A compound of claim I wherein B is optionally substi- 
tuted phenyl. 

5. A compound of Formula 11: 



OH 

J? 



Statistics 

Results are analyzed using analysis of variance (group) 
using SAS software (SAS Institute. Cory, N.C.). Group com- 
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wherein R is C(=0)2 where Z is selected from hydrogen, 
hydroxy, optionally substituted alkoxy and optionally substi- 
tuted alkyl; or R is amino or optionally substituted alky- 
lamine: 

X is selected from oxygen and carbon; 
n is an integer selected from 0, 1, 2, 3, 4 and 5; 
U is (CH 2 ) p wherein p is selected from 0, 1 and 2; 
V and Q are each independently selected from hydrogen, 
optionally substituted alkenyl, optionally substituted 
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alkynyl, and — CR'R 2 — W, wherein R 1 and R 2 are 
C x -C 6 alkyl; or R 1 and R 2 can form an C 3 -C 6 cycloalkyl 
with the carbon they are attached to: 
W is selected from hydrogen, C r C 6 alkyl, C 3 -C 6 
cycloalkyl, C 3 -C 6 cycloalkyl C l -C 6 alkyl : aryl and het- 5 
eroaryl; with at least one of V and Q being other than 
hydrogen; and pharmacemically acceptable salts 
thereof. 

6. A compound of claim 5 wherein n is 1 or 2. 

7. A compound of claim 1 having the following Formula 10 
III: 



III 




15 



20 



wherein R is C(— 0)Z where Z is selected from hydrogen, 25 
hydroxy optionally substituted alkoxy and optionally substi- 
tuted alkyl; or R is amino or optionally substituted alky- 
la nunc; 

U is (CH 2 ) p wherein p is selected from 0, 1 and 2; 

V and Q are each independently selected from hydrogen, 30 
optionally substituted alkenyl, optionally substituted 
alkynyl, and — CR'R 2 — W, wherein R 1 and R 2 are 
C r C 6 alkyl; or R 1 and R 2 can form an C 3 -C 6 cycloalkyl 
with the carbon they are attached to: 

W is selected from hydrogen, C l -C 6 alkyl, C 3 -C 6 35 
cycloalkyl, C 3 -C 6 cycloalkyl C r C 6 alkyl, aryl and het- 
eroaryl; with at least one of V and Q being other than 
hydrogen; and pharmaceutically acceptable salts 
thereof. 

8. A compound according to claims 1, 5, or 7 wherein p is 40 
zero. 

9. A compound of claim 5 wherein n is 1 and R is a 
para-substituent. 

10. A compound of claim 5 wherein R is — C(0)OH. 

11 . A compound of claim 5 wherein R is — C(0)OH being 45 
in a "para" position whereby n is 1 ; Q is CR ! R 2 — W, wherein 

R 1 and R 2 are C,-C 6 alkyl; or R 1 and R 2 can form an C 3 -C 6 
cycloalkyl with the carbon they are attached to; W is selected 
from hydrogen, C t -Q alkyl, C 2 -C 6 alkenyl, C 3 -C 6 
cycloalkyl, C r C 6 cycloalkyl C, -C 6 alkyl, aryl, heteroaryl and 50 
aryl C,-C 6 alkyl; and pharmaceutically acceptable salts 
thereof. 

12. A compound of claim 5 wherein R is — C(0)OH is in a 
"para" position; n is 1 ; Q is CR l R 2 — W, wherein R 1 and R 2 55 
are independently selected from C r C 6 alkyl; orR 1 and R 2 can 
form a C 3 -C 6 cycloalkyl with the carbon they are attached to; 

W is selected from hydrogen, C r C 6 alkyl, C 3 -C 6 cycloalkyl 
C,-C 6 alkyl. and aryl; and pharmaceutical!)' acceptable salts 
thereof. 60 

13. A compound of claim 1 that is selected from the group 
consisting of: 

4-(2-{(2R)-2-[(lE ; 4R)-4-hydroxy-4-(l-pix)pylcyclohutyl) 
but- 1 -eny l}-5 -oxopy rrol idin -t-y I }ethyl)benzoic acid; 

4-[2-((2R)-2-{(l E 5 4R)-4-[ 1 -(eye lopropylmethyl)cyclobu- 65 
tyl I -4 -hydroxy but- 1 -cnyl f - 5-oxopyrrolidin- 1 -yl)ethy 1] 
benzoic acid; 
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4-(2-{(2R)-2-[(l E,4R)-4-(l -ethylcyclobutyl)-4-hydroxy- 

but-1 -enyl] -5 -oxopy itoI idin- l-yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(lE,3S)-3-hydaixy-4 J 4-dimethyloct-l- 

enyl}- 5-oxopyrrolidin- 1 -yl}ethyl)benzoic acid; 
4-[2-((2R)-2-{(lE,3S)-3-ll-(cyclopropylmethyl.)cyclobu- 

ty I j-3-hydroxyprop-l -enyl} -5-oxopyrrolidin- 1 -yl) 

ethyl]benzoic acid; 
4-[2-((2R>2-{(lE } 3R>3-[l-(cyclopropylmethylX7cbbu- 

tyI]-3-hydroxyprop-l -euyl}-5-oxopyrrolidinr 1 -yl) 

ethyljbenzoic acid; 
4-(2-{(2S)-2-l(3S)-3-(l-butylcyclobutyl)-3-hydroxypro- 

pyl]-5-oxopyrrolidin-l-yl}ethyl)benzoic acid; 
4-(2-{(2S>2-[(3R)-3<l-butylcycIoburyl)-3-hydroxypro- 

pyl]-5-oxopyrrolidin-l -yl}ethyl)benzoic acid; 
4-(2-{(2R)-2-[(.lE,3R)-3-hydroxy-3-(l-phenylcyclopen- 

tyi)prop- 1 -enyl)-5-oxopyrrolidin- 1 -y!} ethyl )benzoic 

acid; 

4-(2-{(2R)-2-[(lE,3S)-3-hydroxy-3-(l-phenylcyclopen- 
tyl)prop- 1 -enyl]-5-oxopyrrolidin- 1 -yl}ethyl)benzoic 
acid; 

4-[2-((2R)-2-{(lE,3R)-3-[l-(4-chlorophenyl)cyclopro- 

pyl]-3-hydroxyprop-l -enyl} -5-oxopyrrolidin- 1 -yl) 

ethyl]benzoic acid; 
4-[2-((2R)-2-{(lE3S)-3-[i-(4-chlorophenyl)cyclobutyl]- 

3-hydroxyprop- 1-eny l}-5-oxopyrrolidin- 1 -yljethyl] 

benzoic acid 

4-[2-((2R)-2-{(lE,3R)-3-[l-(4-chlorophenyl)cyclobutylj- 
3-hydroxyprop- lenyl} -5-oxopyrrolidin- l-yl)ethyl] 
benzoic acid: 

4-[2-((2R)-2-{(lE,3S>3-[i-(4-chlorophenyl)cyclopro- 

pyl]-3-hydroxyprop- 1 -enyl}-5-oxopyrrolidin-l -yl) 

ethyl]benzoic acid; 
4-[2-((2R)-2-{(lE,3S)-3-hydroxy-3-[l-(4-methylphenyl) 

cyclopentyl]prop-l -enyl} -5-oxopyrrolidin- 1 -yl)ethyl] 

benzoic acid; 

4-[2-((2R)-2-{(lE,3R)-3-hydroxy-3-[l-(4-methylphenyl) 
cyclopcntyl]prop- 1 -cnyl} -5-oxopyrrolidin- 1 -yl)ethyl] 
benzoic acid; 

4-[2-((2R)-2-{(lE,3S)-3-[l-(4-lluorophenyl)cyclopen- 

tylj-3-hydroxyprop-l -cnyl}-5-oxopyrrolidin-l -yl) 

ethyl]benzoic acid; 
4-[2-((2R>2-{(lE,3RK^[l-(4-fluorophenyl)cycIopen- 

tyl]-3-hydroxyprop-l -enyl} -5-oxopyrrolidin- 1 -yl) 

ethyl]benzoic acid; 
4-[2-((2R)-2-{ (1 E,3R>3-[ 1 -(2-tluorophenyl)cyclopen- 

tyl] -3 -hy droxyprop- 1 -eny 1 } -5 -oxopy rrol idin- 1 -y 1 ) 

ethyl] benzoic acid; 
4-[2-((2R)-2-{(lE,3S)-3-[l-(2-fluorophenyl)cyclopen- 

tyl]-3-hydroxyprop-l -eny1}-5-oxopyrrolidiu-l -yl) 

ethyl]benzoic acid; 
4-[2-((2R)-2-{(l E,3S)-3-l 1 -(4-chlorophenyl)cyclopen- 

tyl | -3 -hy droxyprop- 1 -enyl}-5-oxopyrrolidin-l -yl) 

ethyllbenzoic acid; 
4- [2-((2R)-2- { (1 E,3R)-3- [ 1 -(4-ch loropheny IXyclopen- 
tyll^-hydroxyprop-l -enyl}-5-oxopyrrolid^ -yl) 

ethyl]benzoic acid; 
4-[2-((2R>2-{(lE,3S>3-[l-(3-fluorophenyl)cyclopen- 

tylj-3-hydroxyprop-l-enyl}-5-oxopyrrolidin-l-yl) 

ethy 1 ] benzoic acid; 
4-[2-((2R)-2-{(l E,3R)-3-ll -(3-rluorophenyl)cyclopen- 

ty 1 j |-3 -hydroxyprop- 1 -eny 1 } -5 -oxopy rrol idin- 1 -yl ) 

ethyl]benzoic acid; 
4-t2-((2R>2-{(lE,3S)-3-hydroxy-3-fl-(2-phenylethyl) 

cyclobuty Ijprop- 1 -enyl} -5-oxopyiroIidin- 1 -yl)ethy 1 1 

benzoic acid; 
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4-l2-((2R)-2-{(1ll3U)-3-hydroxy-3-ll-(2-phenylethy)) 
cyclobiityllprop-l-enyl}-5-oxopyrrolidin-l-yl)ethyl] 
benzoic acid; 

4-(2'{(2R)<2-[(lE,3S)-3-hydroxy-3-(l-propylcyclobutyl) 

prop- l-enyl]-5oxopyrrolidin- 1 -yljethyl) benzoic acid 
4-(2-{(2R)-2-[(lB,3R)-3-hydix>xy-3*(l-pwpy!cyclobutyl) 

prop-1 -enyl]-5oxopyrrolidin- l-yl}ethyl)benzoic acid 
4-(2-{(2R)-2-[(1 tUR)-3-(l -benzv*icyctobutyl)-3-hydrox- 

yprop- 1 -enyl]-5oxopyrrolidin- 1 -yl }ethvl)benzoic acid; 
4^(2-{(2R)-2-[(lE ; 3S>3-(l-butylcyclobutyl)-3-hydrox- 

yprop- 1 -enyl]-5oxopyrrolidin- 1 -yl }ethyl)benzoic acid; 
4-(2-{(2R)-2-[(lE3R)-3-(l-butyIcyciobulyi)-3-hydmx- 

yprop-l-enyl]-5oxopyrroIidtn-l «yl}elhyl)benzoic acid; 
4-(2-{(2R)-2-[(lE3R>3-hydnjxy-4 ? 4-dimethyloct-l- 

enylj-5-oxopyrroIidin- l-yl}eihyl)benzoic acid; 
4-(2-{(2R)-2-[(lE > 3S>3-hydroxy-3-(l-phenylcyc}opro- 

pyl)prop-l -enyl |-5-oxopyrrolidin- 1 -yl } ethyl )benzoic 

acid; and 

4-(2-{(2R)-2-[(lE,3R>3-hydroxy-3-(I-phenylcyclopro- 
pyl)prop- 1 -enyl j-5-oxopyrrolidin- 1 -y 1 }elhyl)benzoic 
acid; and pharmaceutic ally acceptable salts thereof. 

14. A method for treating asthma, comprising administer- 
ing to a mammal suffering from asthma an effective amount 
of a compound of claim 1. 

15. A method for treating dysmenorrhea, comprising 
administering to a mammal suffering from dysmenorrhea an 
effective amount of a compound of claim 1 . 

16. A method for treating gastric ulcers, comprising admin- 
istering to a mammal suffering from gastric ulcers an effec- 
tive amount of a compound of claim 1. 

17. A method for treating erectile dysfunction, comprising 
administering to a mammal suffering from erectile dysfunc- 
tion an effective amount of a compound of claim 1. 

18. A method of any one of claims 14, 15. 16, or .1 7 wherein 
the mammal is a human. 

19. A method of claim any one of claims 14, 15, or 16 
wherein the mammal is a female. 

20. A method for treating an ovulatory disorder, compris- 
ing administering to a female mammal suffering from an 
ovulatory disorder an effective amount of a compound of 
claim 1 . 

21. A method of any one of claims 14, 16, or 17 wherein the 
mammal is a male. 

22. A pharmaceutical composition comprising a pharma- 
ceutically acceptable carrier and one or more compounds of 
claim 1. 

23. A pharmaceutical composition of claim 22 wherein the 
compound is packaged together with instructions for use of 
the compound to treat preterm labor, dysmenorrhea, asthma, 
hypertension, infertility or a fertility disorder, sexual dys- 
function, undesired blood clotting, a destructive bone disease 
or disorder, preeclampsia or eclampsia, an eosinophil disor- 
der, renal dysfunction an immune deficiency disorder, dry 
eye, ichthyosis, elevated intraocular pressure, sleep disorder, 
or gastric ulcer. 

24. A method of treating a fertility condition in a female, 
comprising the administration to said female a prostaglandin 
EP4 receptor agonist, a pharmaceutical acceptable salt of said 
prostaglandin EP4 receptor agonist, or a diastereoisomeric 
mixture of said prostaglandin EP4 receptor agonist or salt, 
wherein the prostaglandin EP4 receptor agonist is selected 
among compounds of formula II: 




25 



30 



35 



10 



wherein: 

X is selected from oxygen and carbon: 
n is an integer selected from 0, 1, 2, 3, 4 and 5: 
R is C(=0)Z wherein Z is selected from hydrogen, 
hydroxy, alkoxy, alkyl and aryl; or Z is selected from 
amino or alkylamine such as — NR 4 R 5 wherein R 4 and 
R 5 are independently selected from hydrogen and alkyl, 
— NHS0 2 R 3 and — NHC(0)R 3 wherein R 3 is selected 
among C^Cq alkyl and aryl; 
U is (ChU),, wherein p is an integer selected from 0, 1 and 
2: 

Q is — CR'R 2 — W, wherein R 1 and R 2 are C, -C 6 alkyl; or 
R l and R 2 can form a C 3 -C 6 cycloalkyl with the carbon 
they are attached to; 
W is selected from hydrogen, CVC 6 alkyl, C 3 -C 6 
cycloalkyl, C 3 -C 6 cycloalkyl Q-Q alkyl, aryl, and het- 
eroaryl, with at least one of V and Q being other than 
hydrogen; and pharmaceutical ly acceptable salts 
thereof. 

25. A method of claim 24 wherein the condition is infertil- 
ity. 

26. A method of claim 24 wherein the condition is an 
ovulatory disorder. 

27. A method of claim 24 wherein the female is undergoing 
an ovulation induction or ART treatments. 

28. A method of claim 24 wherein the prostaglandin EP4 
receptor agonist is selected among compounds of formula II, 
wherein R is C(™0)Z wherein Z is selected from hydrogen, 
hydroxy, alkoxy such as — O-alkyl and alkyl; or Z is selected 
from amino or alkylamine such as — NR 4 R 5 where R 4 and R 5 
are independently hydrogen or alkyl, — NHS0 2 R 3 and 
— NHC(0)R 3 wherein R 3 selected among C.-C 6 alkyl and 
aryl; U is (CH 2 ) p wherein p is 0; Q is --CR 1 R — W, wherein 
R 1 and R 2 are C r C 6 alkyl; W is selected from C 3 -C 6 
cycloalkyl, aryl and heteroaryl; and pharmaceutically accept- 
able salts thereof. 

29. A method of claim 24 wherein the prostaglandin EP4 
receptor agonist is selected among compounds of formula II, 
wherein R is C(— 0)Z wherein Z is selected from hydrogen, 

55 hydroxy, alkoxy; U is (CH 2 ) p wherein p is 0: and pharmaceu- 
tically acceptable salts thereof. 

30. A method of claim 24 wherein the prostaglandin EP4 
receptor agonist is selected among compounds of formula II, 
wherein R is C(=^C)Z wherein Z is selected from hydroxy 

60 and alkoxy; U is (CH^ wherein p is 0; and pharmaceutically 
acceptable salts thereof. 

31. A method of claim 24 wherein the prostaglandin EP4 
receptor agonist is selected among compounds of formula II 
wherein R is C(™0)Z wherein Z is hydroxy; U is (CH 2 ) p 

65 wherein p is 0; Q is — CR*R 2 — W, wherein R 1 and R 2 are 
C,-C 6 alkyl; or R' and R 2 can form a C 3 -C e cycloalkyl with 
the carbon they are attached to; W is selected from C,-C 6 
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alkyl. 0 3 -C G cycloalkyl C r C 6 alkyl, C y C 6 cycloatkyl, and 
substituted phenyl; and pharmaceutical ly acceptable salts 
thereof. 

32. A method of claim 24 wherein the prostaglandin EP4 
receptor agonist is selected from the group consisting of: 

4-(2-{(2R)-2-[(lC.3R)-3-hydroxy-3-(l-phenylcyclopro- 
pyl)prop-l-enyl]-5-oxopyrrolidin-l-yl}ethyl)benzoic 
acid; ■ 

4-(2-{(2R)-2-[(l E ? 3S>3-(1 -butyIcyclobutyl)-3-hydrox- 
yprop- l-enyl]-5-oxopyrrolidin- l-yl}ethy l)benzoic 
acid; 

4-[2-((2R>2-{(lB,3R>3-[l-(cyclopropylmethyl)cyclobu- 

tyl]-3-hydroxyprop-l-enyl}-5-oxopyrrolidin-l-yl) 

ethyljbenzoic acid; 
4-(2-{(2R)-2-[(lE ) 3R>3-(l-but\lcycloburyl>3-hydrox- 

yprop-l-cnyl]-5-oxopyrrolidin-l-yl}ethyl)bcn2oic 

acid: and 

4-(2-{(2R)-2-l(lE,3R>3-hydroxy-4,4-dimethylocNl- 
enyl|-5-oxopyrrolidin-l-yl}ethyl)ben7.oic acid; and 
pharmaceutical^ acceptable salts thereof. 

33. A method for treating asthma, comprising administer- 
ing to a mammal suffering from asthma an effective amount 
of a compound of claim 5. 

34. A method tor treating dysmenorrhea, comprising 
administering to a mammal suffering from dysmenorrhea an 
effective amount of a compound of claim 5. 

35. A method for treating gastric ulcers, comprising admin- 
istering to a mammal suffering from gastric ulcers an effec- 
tive amount of a compound of claim 5. 



36. A method for treating erectile dysfunction, comprising 
administering to a mammal suffering from erectile dysfunc- 
tion an effective amount of a compound of claim 5. 

37. A method of any one of claims 33, 34, 35, or 36 wherein 
5 the mammal is a human. 

38. A method of any one of claims 33, 34, or 35 wherein the 
mammal is a female. 

39. A method for treating an ovulatory disorder, compris- 
io ing administering to a female mammal suffering from an 

ovulatory disorder an effective amount of a compound of 
claim 5. 

40. A method of any one of claims 33, 35. or 36 wherein the 
mammal is a male. 

41. A pharmaceutical composition comprising a pharma- 
ceutically acceptable carrier and one or more compounds of 
claims. 

42. A pharmaceutical composition of claim 41 wherein the 
20 compound is packaged together with instructions for use of 

the compound to treat preterm labor, dysmenorrhea, asthma, 
hypertension, infertility or a fertility disorder, sexual dys- 
function, undesired blood clotting, a destructive bone disease 
or disorder, preeclampsia or eclampsia, an eosinophil disor- 
25 der, renal dysfunction, an immune deficiency disorder, dry 
eye, ichthyosis, elevated intraocular pressure, sleep disorder, 
or gastric ulcer. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Patent of: 
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Issued: September 2, 2008 

For: 

Gamma Lactams as Prostaglandin Agonists and 
Uses Thereof 



Confirmation No.: 3939 
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Examiner: Nolan, Jason Michael 



MS Patent Ext. 
Commissioner for Patents 
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Alexandria, VA 22313-1450 

PETITION FOR PATENT TERM ADJUSTMENT INCLUDING REQUEST FOR 
RECONSIDERATION UNDER 37 CFR 81, 705(d) 

Dear Sir: 

1 . This is a request for reconsideration of the patent term adjustment (hereinafter 
"PTA") of 24 days indicated on the face of the issued patent. It is respectfully requested that 
Patentees be granted a maximum patent term adjustment of 292 days (or, in the alternative, a 
minimum patent term adjustment of 60 days). 

2. Patentees submit herewith a "Statement Under 37 CFR § 1 .702(d)". 
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3. In accordance with 37 CFR §1 .705(b)(1), please charge the fee set forth in 37 
CFR §1 .1 8(e) ($200.00) to our Deposit Order Account No. 12-0080. Please charge any 
necessary additional fees or credit any overpayments to our Deposit Order Account No. 12- 
0080. 

Dated: November 3, 2008 RespectfuHy submitted, 

By. 

James H. 

Registration No.: 56,130 
For Giulio De Conti, Esq 
Registration No.: 31,503 
LAHIVE & COCKFIELD, LLP 
One Post Office Square 
Boston, Massachusetts 02109 
(617) 227-7400 
(617) 742-4214 (Fax) 
Attorney For Patentees 
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Docket No.: SNI-003US 
(PATENT) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Patent of: 
Gian Luca Araldi et al. 

Patent No;: 7,419,999 Confirmation No.: 3939 

Issued: September 2, 2008 Art Unit: 1626 

For: Examiner: Nolan, Jason Michael 

Gamma Lactams as Prostaglandin Agonists and 
Uses Thereof 



MS Patent Ext. 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



STATEMENT UNDER 37 CFR S 1.705(d) 

Dear Sir: 

1 . This statement is respectfully submitted in support of the "Petition for Patent Term 
Adjustment Including Request for Reconsideration Under 37 CFR §1 .705(d)" for the above- 
referenced patent. In view of the following, it is respectfully requested that Patentees be granted 
a maximum patent term adjustment of 291 days (or, in the alternative, a minimal patent term 
adjustment of 60 days ), 

2. The patent term adjustment per the "Determination of Patent Term Adjustment Under 35 
U.S.C. § 1 54(b)" as shown on the face of the issued patent is 24 days. This determination of 24 
days is in error in that the Office failed to issue a patent within three years of the actual filing 
date of the above-referenced patent in accordance with 37 CFR § 1.702(b). 



3. 



The factual bases for the above adjustment are set forth as follows: 

1 
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A. Examination Delays Pursuant to 37 CFR $1.702 and $1 .703 
Pursuant to 37 CFR §1 .703(f), the period of adjustment of the term of the patent under 
§1.702 is the sum of the periods of examination delay calculated under subparagraphs (a)-(e), to 
the extent that such periods are not overlapping, less the sum of the periods calculated under 
§1 .704 (the period of Applicant Delay). In the above-referenced patent, Patentees are entitled to 
a period of examination delay equal to the sum of the periods of delay under § 1.703(a) and (b) 
for the reasons set forth below. 

(i) "14 Month Delay" Pursuant to §1. 703(a)(1) 

It is noted that the instant patent was filed as a §371 or "national stage" application. 
Therefore, in accordance with 37 CFR § 1.703(a)(1), Patentees are entitled to a period of patent 
term adjustment due to the failure by the Office to mail an action under 35 U.S.C. §132 not later 
than 14 months after the above-mentioned patent fulfilled the requirements of 35 U.S.C. $371 
(hereinafter "14 Month Delay")- As shown on the Office's PTA Calculation Sheet (see Exhibit 
A enclosed herewith), the Office failed to mail an action under 35 U.S.C. §132 (a Non-Final 
Office Action) until December 14, 2006. Patentees are entitled to a period of patent term 
adjustment beginning on the day. after the date that is 14 months after the date on which the 
above-referenced patent fulfilled the requirements of 35 U.S.C. §371 and ending on the date of 
mailing of an action under 35 U.S.C. § 1 32. Patentees filed a Response to Notification of 
Missing Requirements Under 35 U.S.C. §371 and provided a missing Oath or Declaration on 
July 28, 2005 to fulfill the requirements of 35 U.S.C. §371 (see "Notice of Acceptance of 
Application Under 35 U.S.C. 371 and 37 CFR 1.495" mailed September 19, 2005 and enclosed 
herewith as Exhibit B) The day after the date that is 14 months after the date on which the 
above-referenced patent fulfilled the requirements of 35 U.S.C. §371 is September 29, 2006. 
Accordingly, the period of patent term adjustment due to the 14 Month Delay by the Office is 77 
days , which is the number of days in the period beginning September 29, 2006 and ending on the 
mailing date of a Non-Final Office Action, i.e., December 14, 2006. This period is in agreement 
with the period calculated by the Office on the PTA Calculation Sheet (Exhibit A) . 
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(ii) "Three Years Delay " Pursuant to 37 CFR §L 703(b) 

The Office did not comply with the requirement of 35 U.S.C, § 154(b) and 37 CFR 
§1 .703(b), which requires issuance of a patent within 3 years after the date on which the 
national stage commenced under 35 U.S.C. S3 71(b) or (f) for the above-identified patent. It is 
Patentees' understanding that the national stage of the application on which this patent is based 
"commenced" on the date that Patentees furnished a copy of the international application and the 
national fee with the United States Designated/Elected Office Concerning a Submission Under 
35 U.S.C. 371 (see Transmittal Letter enclosed herewith as Exhibit Q . Patentees submit 
herewith a date-stamped postcard which confirms this date as December 10, 2004 (see Exhibit 
D). Furthermore, Patentees note that none of the exclusionary periods set forth under 37 CFR 
§1.703(b)(l), (2), (3) or (4) apply to this case. Therefore, in accordance with 37 CFR §1.703(b), 
Patentees have calculated a maximum period of Three Years Delay based on the period of time 
beginning on the day after the date that is three years after the date on which the national stage 
commenced (i.e., December 1 1, 2007), and ending on the date the patent issued {i.e., September 
2,2008). This maximum period of delay is 267 days . 

Notwithstanding the above, even if the Office considers the day on which national stage 
commenced as being the same day as the day on which the requirements of 35 U.S.C. §371 were 
fiilfilled (i.e., July 28, 2005), then Patentees submit that they are entitled to a minimum period of 
Three Years Delay based on the period of time beginning on the day after the date that is three 
years after the date on which the requirements of 35 U.S.C. §371 were fulfilled {i.e., July 29, 
2008), and ending on the date the patent issued (i.e., September 2, 2008). This minimum 
period of delay is 36 days . 

(iii) Total Examination Delay Pursuant to 37 CFR § 1 .703(f) 

As set forth in 37 CFR § 1 .703(f), the period of examination delay based on the grounds 
set forth in 37 CFR §1.702 is the sum of the period of 14 Month Delay (77 days) and the 
maximum period of Three Years Delay (267 days), or 344 days, to the extent these periods of 
delay are not overlapping. As the period of 14 Month Delay ended on September 28, 2006, prior 
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to the first day of the maximum period of Three Years Delay, i.e., December 11, 2007, Patentees 
submit that these periods are not overlapping 1 . 

Alternatively, if the Office considers the day on which the national stage commenced as 
being the same day as the day on which the requirements of 35 U.S.C. §371 were fulfilled (i.e., 
July 28, 2005), then Patentees are entitled to a minimum period of examination delay which is 
the sum of the period of 14 Month Delay (77 days) and the minimum period of Three Years 
Delay (36 days), or 113 days, to the extent these periods of delay are not overlapping. As the 
period of 14 Month Delay ended on September 28, 2006, prior to the first day of the minimum 
period of Three Years Delay, i.e., July 29, 2008, Patentees submit that these periods are not 
overlapping. 

B . "Applicant Delay" Pursuant to 3 7 CFR § 1 . 704 

Pursuant to 37 CFR §1 .704 the period of adjustment of the term of the patent due to 
examination delay is reduced by the period of Applicant Delay. As indicated on the Office's 
PTA Calculation Sheet (Exhibit E) , the Office has calculated a period of Applicant Delay of 53 
days . 

C. Calculation of Correct Patent Term Adjustment Pursuant to 37 CFR § 1 .702(f) 
As set forth in 37 CFR §1 .703(f), Patentees are entitled to a period of patent term 

adjustment equal to the period of examination delays reduced by the period of Applicant Delay. 
Therefore, Patentees submit that the correct patent term adjustment for the above-referenced 
patent is 291 days, which is the difference between the total period of examination delay (344 
days) and the Applicant Delay (53 days). Alternatively, if the Office based on minimum period 
of Examination delay as indicated above (1 13 days), then Patentees are entitled to a minimum 
period of patent term adjustment of 60 days, which is the difference between 113 days and the 
Applicant delay. 

4. In accordance with 37 CFR§1 .705(b)(2)(iii), Patentees submit that this patent is not 
subject to a terminal disclaimer. 



1 For a judicial interpretation of "overlapping" in the context of § 154(b)(2)(B), please see Wyeth v. Dudas, (Civil 
Action No. 07- 1 492) (US Dist. Ct. D.C 2008). 
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In view of the foregoing, it is respectfully requested that this Petition for Patent Term 
Adjustment be favorably considered and that a corrected Determination of Patent Term 
Adjustment be issued to reflect a maximum patent term adjustment of 291 days (or, in the 
alternative, a minimal patent term adjustment of 60 days) . 

Dated: November 3, 2008 Respectfcffly submitted, 



By_ 



James H. jVelema 
Registration No.: 56,130 
For Giulio De Conti, Esq 
Registration No. : 3 1 ,503 
LAHIVE & COCKFIELD, LLP 
One Post Office Square 
Boston, Massachusetts 02109 
(617)227-7400 
(617) 742-4214 (Fax) 
Attorney For Patentees 
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GAMMA LACTAMS AS PROSTAGLANDIN AGONISTS AND USE THEREOF 2008:: 16:21:10 



Patent Term Adjustments 



Patent Term Adjustment (PTA) for Application Number: 10/517,626 



Filing or 371(c) Date: 
Issue Date of Patent: 
Pre-Issue Petitions. (days): 
Post-Issue Petitions (days): 
USPTO Adjustment(days): 



07-28-2005 USPTO Delay (PTO) Delay (days): 

09-02-2008 Three Years: 

+0 Applicant Delay (APPL) Delay (days): 

+0 Total PTA (days): 

+0 Explanation Of Calculations 



77 

53 
24 



Patent Term Adjustment History 



Date Contents Description 

08- 13-2008 PTA 36 Months 

09- 02-2008 Patent Issue Date Used in PTA Calculation 
07-28-2008 Dispatch to FDC 

07-28-2008 Application Is Considered Ready for Issue 

07-25-2008 Issue Fee Payment Verified 

07-25-2008 Issue Fee Payment Received 

04-25-2008 Mail Notice of Allowance 

04-25-2008 Notice of Allowance Data Verification Completed 

04-25-2008 Case Docketed to Examiner in GAU 

04-25-2008 Document Verification 

04-15-2008 Date Forwarded to Examiner 

03- 21-2008 Response after Non-Final Action 
12-21-2007 Mail Non-Final Rejection 
12-20-2007 Non-Final Rejection 
11-27-2007 Date Forwarded to Examiner 
11-16-2007 Amendment after Final Rejection 

11- 16-2007 Request for Extension of Time - Granted 
09-05-2007 Correspondence Address Change 
07-17-2007 Mail Final Rejection (PTOL - 326) 
07-09-2007 Final Rejection 

04- 26-2007 Date Forwarded to Examiner 
04-06-2007 Response after Non-Final Action 
04-06-2007 Request for Extension of Time - Granted 

12- 14-2006 Mail Non-Final Rejection 
12-11-2006 Non-Final Rejection 

12-08-2005 IFW TSS Processing by Tech Center Complete 

07-28-2005 Reference capture on IDS 

12-08-2005 Case Docketed to Examiner in GAU 

09-22-2005 Transfer Inquiry to GAU 

09-21-2005 Cleared by OIPE CSR 

09-21-2005 Cleared by OIPE CSR 



PTO(Days) APPL(Days) 



30 



23 



77 
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09*21-2005 
07-28-2005 
09-19-2005 
09-19-2005 

07-28-2005 



Cleared by OIPE CSR 

371 Completion Date 

Application Dispatched from OIPE 

Notice of DO/EO Acceptance Mailed 

A statement by one or more inventors satisfying the 
requirement under 35 USC 115, Oath of the Applic 



Close Window 



https://sportal.uspto.gov/secure/PA_l JM BP/PAIRPrintServlet 
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^ United States Extent and Trademark Office 



UN rT ED STATES DEPARTMENT OP COMMERCE 
United States Patent aod Trademark OfTice 
r. COMMISSIONER FOR PATENTS 
PAIteMJO 



US. APPUCATION NUMBER NO. 



— T 



FIRST NAMED APPLICANT 



ATTY. DOCKET NO. 



Gian Luca Araldi 



SNI-003US 



INTERNATIONAL APPLICATION NO. 



] 



PCT/US03/ 1 8202 

| PRIORITY DATE j 



I.A. FILING DATE 



06/09/2003 



06/10/2002 



CONFIRMATION NO. 3939 
371 ACCEPTANCE LETTER 



10/517,626 



00959 

LAHIVE & COCKFIELD, LLP. 
28 STATE STREET 
BOSTON, MA 02109 



'OC00000Q017045113* 

Date Mailed: 09/19/2005 

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1 .495 

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a 
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has 
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United 
States Patent and Trademark Office. 

The United States Application Number assigned to the application is shown above and the relevant dates are: 



07/28/2005 

DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), (c)(2) and 
(c)(4) REQUIREMENTS 



07/28/2005 

DATE OF COMPLETION OF ALL 35 U.S.C. 371 
REQUIREMENTS 



A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING 
ON THE FILING RECEIPT AS THE - FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 
371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN 
ABOVE. The filing date of the above identified application is the international filing date of the international 
application {Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all 
correspondence to the Group Art Unit designated thereon. 



The following items have been received: 



• Copy of the International Application filed on 12/10/2004 

• Copy of the International Search Report filed on 12/10/2004 

• Copy of IPE Report filed on 04/25/2005 

• Preliminary Amendments filed on 12/10/2004 

• Information Disclosure Statements filed on 12/10/2004 

• Oath or Declaration filed on 07/28/2005 

» U.S. Basic National Fees filed on 12/10/2004 

• Priority Documents filed on 12/10/2004 
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 



ULYSSES G WALKER 
Telephone: (703) 308-9290 EXT 1 30 



PART 3 - OFFICE COPY 

FORM PCT/DO/EO/903 (371 Acceptance Notice) 
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DT14 Rec'd PCT/PTO 10 DEC 2004 

USE IM UEU OF PTO-1390 (Rev. 10-2004) 
Reflects USPTOHmgtees in effect from i2/__/r>* 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A SUBMISSION UNDER 35 U.S.C: 371 



ATTORNEY'S DOCKET NUMBER 
SNI-003US 



INTERNATIONAL APPUCATION NO. 
PCT/US2003/018202 



INTERNATIONAL FILING DATE 
9 June 2003 



PRIORITY DATE CLAIMED 
10 June 2002 



TITLE OF INVENTION GAMMA LACTAMS AS PROSTAGLANDIN AGONISTS AND USE THEREOF 



APPLICANT(S) FOR DO/EO/US 



Gian Luca ARALDI et af. 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following Hems and other information: 
1 . [ x | This is a FIRST submission of items concerning a submission under 35 U.S.C. 371. 

2 I I ™ 5 te a SECOND or SUBSEQUENT submission of Hems concerning a submission under 35 U.S.C. 371. 

3 I I This is an express request to begin national examination procedures (35 U.S.C. 371 (f))- The submission must 
" 1 1 include items (5), (6). (9) and (21) indicated below. 

0 



a 
b 

,F7j 

a. 
b. 
c. 
d. 

•■□ 

10- □ 



Bis : 
ha 



The US has been elected (Article 31). 
5. [jT A copy of the International Application as fifed (35 U.S.C. 371 (c)(2)) 

is attached hereto (required only if not communicated by the International Bureau), 
has been communicated by the International Bureau. 

is not required, as the application was filed in the United States Receiving Office (ROWS). 
An English language translation of the International Application as filed (35 U.S.C. 371 (c)(2)). 
attached hereto, 
has been previously submitted under 35 U.S.C. 154(d)(4). 
Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 
are attached hereto (required only if not communicated by the International Bureau), 
have been communicated by the International Bureau. 

have not been made; however, the time limit for making such amendments has NOT expired, 
have not been made and will not be made. 
An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371 (c)(3)). 
An oath or declaration of the inventors) (35 U.S.C. 371 (c)(4)). 

An English language translation of the annexes to the International Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371 (c)(5)). 
Items 11 to 20 below concern documents) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. w/form PTO/SB/08a/b (4pages,39references) 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

A preliminary amendment (16 pages) 

An Application Data Sheet under 37 CFR 1.76. (4 pages) 

A substitute specification. 

A power of attorney and/or change of address letter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.2 and 37 CFR 1.821 - 1.825. 
A second copy of the published International Application under 35 U.S.C. 154(d)(4). 

A second copy of the English language translation of the International Application under 35 U.S.C. 154(d)(4). 
Other items or information: hbtukrdtaimaia&AwikiiiaB «£>sj/iattOi A2(iJ7p*jrw). f^ifaW tstmu^A^ptia^oo */s<^Bfperi voao/iawu « 

p (ages). Form PCT/1B/30S (I page}, tt'nflro Optstoo (> fuges). CfrtiEnit of Expras Hail (I page) Jctsro Rrcripi Postard 



11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
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DT12 Rec'd PCT/PTO f-Q DfC 9004 

USE IN LIEU OF PTO-1380 (Rev. 10-2004) 
Rotate USPTO Qng toss In eta* from 1»_/0» 



U-S. AFPUCATlA l«^f Acg. isfle ^prtTiJn iL IKTERJIATtOHAL APPLICATION NO. 

w ^ A # w w» ^ PCTAJS20v3/01 8202 


ATTORNEY'S DOCKET NUMBER 

SNI-003US 


21. [xj The following fees are submitted: 

BASIC NATIONAL FEE 

Filing Fee 
Search Fee 
Examination Fee 

Application Size Fee, each additional 50 sheets over 100 sheets 


CALCULATIONS pto use only 




£ 300.00 




S 500.00 




$ 200.00 




$ 250.00 




TOTAL FIUNG FEE = 


$ 1,250.00 




Surcharge of $130.00 for furnishing the oath or declaration later than 30 months 
from the earliest claimed priority date (37 CFR 1 .492 (e)). 


$ 130.00 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 






Total claims 


58-20 = 


38 


x 50 


£ 1900:00 




Independent claims 


2-3 - 




x 


S 0.00 




MULTIPLE DEPENDENT CLAIM(s) (if applicable) 




$ 




TOTAL OF ABOVE CALCULATIONS = 


$ 3.280.00 




[ I Applicant claims small entity status. See 37 CFR 1.27. The fees indicated above 
I ) are reduced by !4. 


$ 




SUBTOTAL = 


$ 3,280.00 




Processing fee of $130.00 for furnishing the English translation later than 30 months 
from the earliest claimed priority date (37 CFR 1.492 (f))- 


$ 




TOTAL NATIONAL FEE = 


$ 3,280.00 i 




Fee for recording the enclosed assignment (37 CFR 1.21 (h)V The assignment must 

be accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 


$ 




TOTAL FEES ENCLOSED = 


$ 3,280.00 






Amount to be 
refunded: 


$ 


Amount to be 
charged: 


$ 



A check in the amount of S 



to cover the above fees is enclosed. 



3,280.00 



b. [xj Please charge my Deposit Account No. t2-0080 in the amount of $ 

to cover the above fees. A duplicate copy of this sheet is enclosed. 

C [xj The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 
overpayment to Deposit Account No. 12-0080 A duplicate copy of this sheet is enclosed. 

d. [ | Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 

information should not be Included on this form. Provide credit card Information and authorization on PTO2038. 

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not 
(37 CFR 1.137 (a) or (b)) must be filed and granted to restore the appll 




SEND ALL CORRESPONDENCE TO 

Giulio A. DeConti, Jr. 

LAHIVE & COCKFIELD. LLP 

28 State Street 

Boston. 02109 

(617) 227-7400 

DATE: 10 December 2004 

CUSTOMER NUMBER: 00959 



NAME 



REGISTRATION NUMBER 



53,623 



FORM PTO-1390 (REV 10-2004) 
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Title: GAMMA LACTAMS AS PROSTAGLANDIN AGONISTS AND USE THEREOF 

Documents Filed: 

Transmittal Letter to the United States Designated-Elected Office (2 pages in duplicate). Application Data Sheet (4 pages). Preliminary 
Amendment (16 pages), Information Disclosure Statement w/form PTO/S8/08a/b (4 pages, w/ 39 references). Published International 
Application WO 03/103604 A2 (137 pages), Published International Application w/Search Report WO 2003/103604 A3 (3 pages), Form 
PCT/lB/308 (1 page). Written Opinion (5 pages), Certificate of Express Mail (1 page), Return Receipt Postcard 

Charge S3.260.00 to deposit account 12-0080 



Via: Express Mail: Airbill No. EV 418 604 983 US 

Sender's Initials: CMS/DFS/mct Date: December 10, 2004 




Inventor: Glan Luca'ARAGQl.©^/y 
Application No.: Not Yet As%i^fc6 



517626 



Filing Date: Concurrently Herewith 



0TJ4Rec'd PCT/FTQ JO DEC 200* 




* 

* 




LAHIVE & COCKFIELD, LLP 
28 STATE STREET 
BOSTON. MA 02109 
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United S tates Patent and Trademark Office 



exhibit 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

c COMMISSIONER FOR PATENTS 
P.O. Boa 1450 

Alusndrii. Virginia 32313-1450 

WWW.QSpCO.gCN 



APPLICATION NO. 



FILING DATE 



FIRST NAMED INVENTOR 



ATTORNEY DOCKET NO. 



CONFIRMATION NO. 



10/517.626 



959 



07/28/2005 



7590 



04/25/2003 

LAIII VE & COCKFIELD, LLP 
ONE POST OFFICE SQUARE 
BOSTON, MA 02109-2127 



Gian Luca Araldi 



SN1-003US 



3939 



EXAMINER 



NOLAN. JASON MICHAEL 



ART UNIT 



PAPER NUMBER 



1626 

DATE MAILED: 04/25/2008 



Determination of Patent Terra Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 24 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 24 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at l-(888)-786-0101 or 
(571)-272-4200. 
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JS-44 
Rev. 1/05 



2£L 



Timer 



I (a) PLAINTIFFS ??fF N . D .4 N T? 



LABORATOIRES SERONO SA 



•HON. JOHN J DOLL 
JUNDERSECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND 
i DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 



(b) COUNTY OF RESIDENCE OF FIRST LISTED PLAINTIFF 
(EXCEPT IN U.S. PLAINTIFF CASES) 



COUNTY OF RESIDENCE OF FIRST LISTED DEFENDANT 

(IN U.S. PLAINTIFF CASES ONLY) 

NOTE IN LAND CONDEMNATION CASES. USE THE LOCATION OF THE TRACT OF 
LA> wcr * 



(c) ATTORNEYS (FIRM NAME, ADDRESS. AND TELEPHONE NUMBER) 



AT 



;Peter S. Reichertz, Christopher M. Loveland 
;Sheppard Mullin Richter & Hampton LLP 
11300 I Street, NW, 1 1th Floor East 
[Washington, D.C. 20005 (202) 218-0000 



Case: 1:09-cv-00407 
Assigned To : Urbina, Ricardo M 
Assign. Date ; 3/2/2009 > 
Description: Admin. Agency Review 



II. BASIS OF JURISDICTION 

(PLACE AN x FN ONE BOX ONLY) 

O I U.S. Government O 3 Federal Question 

Plaintiff (U.S Government Not a Party) 

© J )2 U S. Government O 4 Diversity 

ifendant (Indicate Citizenship of 

Parties in item III) 




III CITIZENSHIP OF PRINCIPAL PARTIES (PLACE AN x IN ONE BOX 

FOR PLAINTIFF AND ONE BOX FOR DEFENDANT) FOR DIVERSITY CASES ONLY! 



Citizen of this State 



PTF DFT 

O i O i 



PTF 



Incorporated or Principal Place 
of Business in This State 



DFT 
O 4 



Citizen of Another State O 2 ^ 2 

Citizen or Subject of a 3 O 3 

Foreign Country 



Incorporated and Principal Place O 5 O 5 
of Business in Another State 



Foreign Nation 



O 6 O 6 



IV. CASE ASSIGNMENT AND NATURE OF SUIT 
(Place a X in one category, A-N, that best representsjaom; cause of action and one in a corresponding Nature of Suit) 




O A. Antitrust 



□ 410 Antitrust 



O B. Personal Injury/ 
Malpractice 



□ 310 Airplane 

I I 315 Airplane Product Liability 
[ZH 320 Assault, Libel & Slander 
I I 330 Federal Employers Liability 

□ 340 Marine 

□ 345 Marine Product Liability 

□ 350 Motor Vehicle 

□ 355 Motor Vehicle Product Liability 
\Z3 360 Other Personal Injury 

I 1 362 Medical Malpractice 

□ 365 Product Liability 

□ 368 Asbestos Product Liability 



© CMdministrative Agency 



eview 



I I 151 Medicare Act 

Social Security: 

§861 HIA ((1395fl) 
862 Black Lung (923) 
863 D1WC/DIWW <405(g) 
I I 864 SSID Title XVI 
I 1 865 RSI (405(g) 
Other Statutes 
I I 891 Agricultural Acts 
I I 892 Economic Stabilization Act 
j | 893 Environmental Matters 

Energy Allocation Act 
Tfrj 890 ftther Statutory Actions (If 

administrative Agency is Involved) 



O D. Temporary Restraining 
Order/Preliminary 
Injunction 

Any nature of suit from any category may 
be selected for this category of case 
assignment. 

*(lf Antitrust, then A governs)* 



O E. General Civil (Other) 



OR 



O F. Pro Se General Civil 



Real Property 

B210 Land Condemnation 
220 Foreclosure 
I 1230 Rent, Lease & Ejectment 
I 1240 Torts to Land 
I 1245 Tort Product Liability 
I 1290 Ail Other Real Property 

Personal Property 
I 1370 Other Fraud 
I 1 371 Truth in Lending 
j 1 380 Other Personal Property Damage 
1 |385 Property Damage Product Liability 



Bankruptcy 

I 1 422 Appeal 28 USC 158 

□ 423 Withdrawal 28 USC 157 



Pr isoner Petitions 
□ 535 Death Penalty 
I I j 540 Mandamus & Other 
I 1550 Civil Rights 
1 1555^ 



Property Rights 
^fO.gop^rjghts 

I 1840 Trademark L ^(> 

^edferhl Tax Suits . ' J 

□ 870 f axes^^mlif£oj;r/ 

defendant 

□ 871 IRS-Third Party 26 

USC 7609 



Forfeiture/Penalty 
I I 610 Agriculture 
I 1620 Other Food &Drug 
I 1 625 Drug Related Seizure 

of Property 21 USC 881 
1 I 630 Liquor Laws 
I 1640 RR &. Truck 

□ 650 Airline Regs 

( 1 660 Occupational 

_ Safety/Health 

□ 690 Other 



Other Statutes 

I 1 400 State Reapportionment 
1 I 430 Banks & Banking 
1 1 450 Commerce/ICC 

Rates/etc. 
I 1 460 Deportation 



i 1470 Racketeer Influenced & 
Corrupt Organizations 

I 1 480 Consumer Credit 

□ 490 Cable/Satellite TV 

I 1810 Selective Service 

I 1 850 Securities/Commodities/ 
Exchange 

[ 1 875 Customer Challenge 12 USC 
3410 

I 1 900 Appeal of fee determination 

under equal access to Justice 
1 1 950 Constitutional ity of State 
2_ Statutes 

[ZD 890 Other Statutory Actions (if 
not administrative agency 
review or Privacy Act 
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Pag e 2 of 2 

O J. Student Loan 

I I 152 Recovery of Defaulted 

Student Loans 
(excluding veterans) 



O G. Habeas Corpus/ 
2255 

530 Habeas Corpus-General 
r 1 510 Motion/Vacate Sentence 



O H. Employment 
Discrimination 

C3 442 Civil Rights-Employment 
(criteria: race, gender/sex, 
national origin, 
discrimination, disability 
age, religion, retaliation) 

*(lf pro se, select this deck)* 



0 I. FOIA/PRI VACY 

ACT 

1 1 895 Freedom of Information Act 
I I 890 Other Statutory Actions 

(if Privacy Act) 



*(If pro se, select this deck)* 



O K. Labor/ERISA 

(non-employment) 

□ 710 Fair Labor Standards Act 

□ 720 Labor/Mgmt. Relations 

| I 730 Labor/Mgmt. Reporting & 
Disclosure Act 

□ 740 Labor Railway Act 

□ 790 Other Labor Litigation 

□ 791 Empl. Ret. Inc. Security Act 




0 L. Other Civil Rights 
(non-employment) 

1 I 441 Voting (if not Voting Rights 

Act) 

j I 443 Housing/Accommodations 

□ 444 Welfare 

□ 440 Other Civil Rights 

445 American w/Disabilities- 
Employment 
I 1 446 Americans w/Disabili ties- 
Other 



0 M. Contract 

\ l 110 Insurance 

□ 120 Marine 

□ 130 Miller Act 

1 1 140 Negotiable Instrument 

I 1 150- Recovery of Overpayment & 
Enforcement of Judgment 

I I 153 Recovery of Overpayment of 

Veteran's Benefits 

1—1 160 Stockholder's Suits 

EH 190 Other Contracts 

195 Contract Product Liability 

I I 196 Franchise 



O N. Three-Judge Court 

I I 441 Civil Rights-Voting 

(if Voting Rights Act) 



© 1 Original O 2 Removed 
Proceeding from State 

Court 



O 3 Remanded from 
Appellate Court 



O 4 Reinstated 
or Reopened 



O 5 Transferred from 
another district 
(specify) 



O 6 Multi district 
Litigation 



O 7Appealto 

District Judge 
from Mag. Judge 




^I -yAJJSE QF_ACTION_(ClTE_THE U .S._CIV IL STATUTE UNDER_WHICH^ ARE FILING AND WRITE A_BRIE FSJ^JEME NXQ F CAUSER | 
fU.S.C. §1 54(B)(4)(A) - Piaint^ffseeks an pffer changing Jhe patent term adjustment for United States Paten t No 1 7 a g3?^^rorn 24 days to 29 1 days ; 

^ — - 

VII. REQUESTED IN CHECK IF THIS IS A CLASS DEMAND $ I \ Check YE S only i f demaiio ySfm^m plaii 

COMPLAINT 1 I ACTION UNDER F R CP. 23 JURY DEMAND: yes I I nc( 

VIII. RELATED CASE(S) (See instruction) YES I 1 NO /f X I ) If yes, plcasgjapplcte related case form. 
IF ANY 

DATE 3/02/09 SIGNATURE OF ATTORNEY OF RECORD 



INSTRUCTIONS FOR COMPLETING CIVIL COVER SHEET JS-44 
Authority for Civil Cover Sheet 

The JS-44 civil cover sheet and the information contained herein neither replaces nor supplements the filings and service of pleadings or other papers as required by 
law, except as provided by local rules of court. This form, approved by the Judicial Conference of the United States in September 1974, is required for the use of the Clerk of 
Court for the purpose of initiating the civil docket sheet Consequently a civil cover sheet is submitted to the Clerk of Court for each civil complaint filed. Listed below arc tips 
for completing the civil cover sheet. These tips coincide with the Roman Numerals on the Cover Sheet. 

1. COUNTY OF RESIDENCE OF FIRST LISTED PLAINTIFF/DEFENDANT (b) County of residence: Use 1 1 001 to indicate plaintiff is resident of 

Washington, D C; 88888 if plaintiff is resident of the United States but not of Washington, D.C., and 99999 if plaintiff is outside the United States. 

III. CITIZENSHIP OF PRINCIPAL PARTIES: This section is completed only, if diversity of citizenship was selected as the Basis of Jurisdiction under Section 
II. 

IV. CASE ASSIGNMENT AND NATURE OF SUIT: The assignment of a judge to your case will depend on the category you select that best represents the 
primary cause of action found in your complaint. You may select only one category. You must also select one corresponding nature of suit found under 
the category of case, 

VI. CAUSE OF ACTION: Cite the US Civil Statute under which you arc filing and write a bnef statement of the primary cause. 

VH1. RELATED CASES, IF ANY- If you indicated that there is a related case, you must complete a related case form, which may be obtained from the Clerk's 
Office. 



Because of the need for accurate and complete information, you should ensure the accuracy of the information provided prior to signing the form. 



